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The  Twentieth  Ordinary  General  Meeting  was  held  on  Wednes- 
day, the  14th  January,  1874,  Sir  WiLUAM  Thomson,  F.RS., 
LL.D.,  President,  in  the  Chair. 

The  President  read  his  Inaugural  Address  as  follows  : — 
Gentlemen, — I  thank  you  most  cordially  for  the  great  honour 
you  have  done  me  in  electing  me  to  be  your  President  for  tlie  year 
1874.    Our  first  two  Presidents,  Mr.  Siemens  and  Mr.  Scudamore, 
in  their  interesting  and  valuable  addresses,  have  explained   the 
object  of  the  Society  of  Telegraph  Engineers,  and  have  amply  de- 
monstrated its  reason  for  existence.      The  success  which  it  has 
already  achieved,  exceeding  the  most  sanguine  expectations  of  its 
well-wishers,  must  be  very  gratifying  to  its  public-spirited  founders, 
as  a  fruit  earned  by  the  toil  and  trouble  they  have  voluntarily  be- 
stowed upon  it.     In  numbers,  in  popularity,  in  usefulness,  the 
Society  of  Telegraph  Engineers  has  indeed  grown  with  telegraphic 
speed. 

When  first  addressed  from  the  presidential  chair,  not  quite  two 
years  ago,  tlie  Society  consisted  of  110  members.  Since  that  time 
it  has  augmented  to  500 :  including  our  Postmaster-General ;  the 
Directors-General  of  the  great  Telegraphic  Administrations  of 
Great  Britain  and  India ;  many  of  the  officers  and  operators  of 
those  systems  and  of  the  great  Submarine  Telegraph  Companies ; 
many  scientific  men  interested  in  the  subject,  although  not  holding 
official  positions  in  connection  with  practical  telegraphy ;  and 
a  list  of  distinguished  names  constituting  our  honorary  and  foreign 
members. 

VOL.  IIL  A 
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In  his  inaugural  address  our  first  president  said,  "  Let  us  hope 
that  our  joint  cftbrts  may  lead  us  in  the  direction  of  true  scientific 
and  practical  advancement;"  and  we  all  know  how  strenuously 
and  eflfectively  he  has  himself  laboured  to  promote  tlie  harmony  of 
theory  and  practice,  not  only  in  the  department  to  which  this 
Society  is  devoted,  but  in  all  branches  of  the  grand  profession  of 
engineering,  of  which  he  is  so  distinguished  an  ornament 

Before  we  commence  the  business  of  the  session  upon  which  we 
are  now  entering,  may  I  be  permitted  to  oflFer  a  few  remarks  on 
the  relations  between  science  and  practice  in  engineering  in  gene- 
ral, but  more  particularly  in  telegraphic  engineering.  Engineering 
may  be  defined  as  the  application  of  practical  science  to  man's  ma- 
terial circumstances  and  means  of  action.  As  usual  in  classifica- 
tion, the  nomenclature  of  branches  of  engineering  is  full  of  wliat 
the  logician  calls  cross-divisions.  Thus  we  have  civil  and  military 
engineering,  and  again,  civil  and  mechanical  engineering;  then 
architecture  and  building,  engineering  and  contracting.  We  have, 
it  is  true,  in  the  distinction  between  military  and  civil  engineering 
a  good  logical  division.  Every  subject  of  civil  engineering  is  in- 
cluded in  military  engineering,  because  an  army  has  all  the  wants 
of  any  large  body  of  civilians.  But  military  engineering  includes 
more,  because  there  is  no  civil  purpose  which  requires  rifled  cannon, 
shot  and  shell,  congreve  rockets,  hand  grenades,  torpedoes,  ironclads, 
armed  fortifications,  mining  imderfire  or  under  liability  to  hand-to- 
hand  encounter  with  an  enemy,  and  field  telegraphs.  I  have  enu- 
merated all  the  subjects  which  I  can  think  of  that  belong  exclusively 
to  military  engineering,  and,  except  these,  all  subjects  of  general 
engineering  are  embraced  in  civil  engineering,  properly  so  called. 

The  division  between  military  and  civil  engineering  is,  tliereforc, 
not  properly  founded  on  a  distinction  in  respect  of  the  subject 
matter,  but  it  is  a  true  logical  division  in  respect  to  the  province 
of  application.  Now  remark  the  division  between  civil  and 
mechanical  engineering — a  distinction  habitually  used,  as  if  the 
engineering  of  merchant  steamers,  of  cotton  mills,  of  sugar  ma- 
chinery, of  calico  printing,  of  letter  press  printing,  wore  not  truly 
parts  of  civil  engineering.  I  make  no  complaint  of  the  ordinary 
language  which  designates  as  civil  engineering  only  that  whicli  is 
neither  military,  nor  concerned  with  mechanism  otherwise  than  in 
designing  and  testing  it,  and  which  calls  mechanical  engineering 
the  construction,  daily  use,  and  maintenance  of  machines.     I  make 
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iio  complaint  of  the  ordinary  language  which  so  designates  civil 
engineering,  and  distinguishes  it  from  mechanical  engineering.  I 
only  say  that  it  is  not  logical.     Take,  again,  architecture. 

Architecture  is  not  commonly  called  a  branch  of  engineering  at 
all.  I  think  it  unfortunate  that  the  public  do  not  regard  archi- 
tecture as  a  branch  of  engineering.  When  architects  come  to 
regard  themselves  as  engineers,  and  when  the  public  come  to 
expect  them  to  act  as  engineers,  let  us  hope  they  will  give  us 
buildings  not  less  beautiful  and  not  less  interestingly  connected  with 
monuments  and  traditions  of  beauty  from  bygone  ages  than  they 
give  us  now.  But  assuredly  there  will  then  be  less  tjrphoid  fever. 
Then  invalids  loo  ill  to  walk,  or  ride,  or  drive  out  of  doors,  or  to 
be  benefited  by  the  beautiful  scenery  of  Mentone,  or  Corsica,  or 
Madeira,  will  not  be  expatriated  merely  to  avoid  the  evil  efiects  of 
the  indoor  atmosphere  of  England.  Then  people  in  good  health 
will  not  be  stupefied  by  a  few  hom's  of  an  evening  at  home  in  gas- 
light, or  of  a  social  reunion,  or  by  one  horn*  of  a  crowded  popular 
lecture  or  meeting  of  a  learned  society.  Then  in  our  hotels,  and 
dwelling-houses,  and  clubs,  we  shall  escape  the  negatively  refresh- 
ing influence  of  the  all-pervading  daily  aerial  telegraph,  which 
prematurely  transmits  inteUigence  of  distant  and  future  dinners. 
The  problem  of  giving  us  within  doors  any  prescribed  degree  of 
temperature,  with  air  as  fresh  and  pure  as  the  atmosphere  outside 
the  house  can  supply,  may  be  not  an  easy  problem ;  but  it  is  cer- 
tainly a  problem  to  be  solved  when  architecture  becomes  a  branch 
of  scientific  engineering. 

Now  as  to  the  relations  between  theory  and  practice  in  tele- 
graphic engineering,  I  feel  that  I  have  more  to  say  respecting  the 
reflected  benefits  which  electrical  science  gains  from  its  practical 
applications  in  the  electric  telegraph  than  of  the  value  of  tlieory  in 
directing,  and  aiding,  and  interesting  the  operators  in  every  depart- 
ment of  the  work  of  the  electric  telegraph.  In  no  other  branch  of 
engineering,  indeed,  is  high  science  more  intelligently  appreciated 
and  ably  applied  than  in  the  manufacture  and  the  use  of  telegraphic 
lines,  whether  over  land  or  under  sea;  and  it  would  be  quite 
superfluous  for  me  to  speak  on  that  subject  to  those  whom  I  see 
before  me. 

But  I  do  not  know  whether  so  much  is  thought  of  what  the 
electric  telegraph  and  its  workers  have  already  done,  and  may  be 
expected  yet  to  do,  for  science  in  general,  and  particularly  electcv- 
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city  and  magnotism.  Time  does  not  allow  me  to  enlai-ge  as  I  would 
like  to  do  on  tliis  subject.  I  will  merely  remind  those  who  are 
present  of  the  great  advance  that  has  been  made  in  accurate 
measurement  within  the  last  fifteen  years.  I  need  not  tell  you  that 
a  large  part  of  the  benefit  thus  achieved  for  science  is  due  to  the 
requirements  of  the  practical  telegraphist.  Men  of  abstract  science 
were  satisfied  to  know  that  absolute  measurement  was  possible,  and 
that  a  definition  of  magnetic  force,  a  definition  of  electric  resistance, 
a  definition  of  electromotive  force,  and  so  on  through  the  list  of 
numerical  quantities  in  electricity,  could  each  of  them  be  stated 
in  absolute  measure. 

We  owe  to  Gauss  and  Weber  the  first  great  practical  realization 
in  abstract  science  of  a  system  of  absolute  measurement ;  but  their 
principles  did  not  extend  rapidly  even  in  the  domains  of  abstract 
science  where  their  theory  was  well  understood,  because  the  urgent 
need  for  its  practical  application  was  not  felt.  When  accurate 
measurement  in  any  definite  unit  first  became  prevalent  was  when 
it  was  required  by  the  electric  telegraph.  The  pioneers  of  science  in 
electric  telegraphy,  many  of  whom,  happily  for  us,  still  work  for 
science  and  for  the  electric  telegraph,  laid  down — among  various 
perfectly  definite  subjects  for  measurement — a  unit  of  electric 
resistance — that  most  primary  one  of  the  different  things  to  be 
measured  respecting  electricity.  I  need  not  remind  any  of  you  of 
the  history  of  electric  units  of  resistance,  or  of  the  labours  of  the 
Committee  of  the  British  Association  to  bring  that  system  of 
measurement  into  harmony  with  the  theoretical  definitions  of  Gauss 
and  Weber.  Tlie  benefits  conferred  by  introducing  a  system  of 
definite  measurement  into  the  working  of  the  electric  telegraph  arc 
due  not  solely — perhaps  not  even  in  chief — to  the  application  of 
Gauss's  system,  but  to  the  introduction  of  very  accurate  and  definite 
standards  of  resistance  and  means  of  reproducing  those  standards 
should  the  originals  be  lost.  The  benefit  of  putting  tlie  practical 
standards  into  relation  witli  the  science  of  Gauss  and  Weber  has  been 
set  forth  in  the  successive  reports  of  the  Committee  of  the  British 
Association  on  electric  measurement,  and  is  well  known,  I  believe, 
to  most  of  the  members  of  the  Society  of  Telegraph  Engineers. 

But  what  I  wish  to  say  now  is  that  theoretical  science  has  gained 
great  reflected  benefit  from  the  introduction  of  accurate  measure- 
ment of  resistance  into  practical  telegraphy. 

For  many  years  measurements  were  performed  in  the  office  of 


1874.]  PRESIDENT'S  ADDRESS.  6 

the  telegraph  factory,  and  at  the  station-house  of  tlie  telegraphic 
wire,  the  means  of  doing  which, — perhaps  I  might  even  say  the 
principles  on  which  those  measurements  were  conducted, — being 
Btill  unknown  throughout  the  scientific  laboratories  of  Europe. 
The  professors  of  science  who  threw  out  the  general  principle 
have  gained  a  rich  harvest  for  the  seed  which  they  sowed.  They 
have  now  got  back  from  the  practical  telegrapher  accurate  stan- 
dards of  measurement,  and  ready  means  of  transmitting  those 
standards  and  of  preserving  them  for  years  and  years  without 
change,  which  have  proved  of  the  most  extreme  value  to  the  work 
of  tlie  scientific  laboratory.  I  might  make  similar  remarks  regard- 
ing electric  instruments.  The  theory  of  electric  instruments  has 
been  taught  by  those  who  have  laboured  in  theoretical  science ;  but 
the  zeal  and  ability  with  which  the  makers  and  users  of  instruments 
in  the  service  of  the  electric  telegraph  have  taken  up  the  hints  of 
science  have  given  back  to  the  scientific  laboratory  instruments  of 
incalculable  value. 

But'  I  wish  rather  to  confine  myself  to  looking  forward  to  the 
benefits  which  science  may  derive  from  its  practical  applications  in 
telegraph  engineering,  and  to  point  out  that  this  Society  is  designed 
by  its  founders  to  be  a  channel  through  which  these  benefits  may 
flow  back  to  science,  and,  on  the  other  hand,  to  supply  the  counter- 
channels  by  which  pure  science  may  exercise  its  perennially  bene- 
ficial influence  on  practice. 

Time  would  fail  me  to  give  any  such  statement  as  would  include 
a  large  part  of  the  subject  upon  which  I  have  touched ;  I  shall 
therefore  confine  myself  strictly  to  one  point,  and  that  is  the  science 
of  terrestrial  electricity.  I  have  advisedly,  not  thoughtlessly,  used 
the  expression  "  terrestrial  electricity."  It  is  not  an  expression  we 
are  accustomed  to.  We  are  accustomed  to  "  terrestrial  magnet- 
ism ; "  we  are  accustomed  to  "  atmospheric  electricity."  The  elec- 
tric telegraph  forces  us  to  combine  our  ideas  with  reference  to  ter- 
restrial magnetism  and  atmospheric  electricity.  We  must  look 
upon  the  earth  and  the  air  as  a  whole — a  globe  of  eai*tli  and  air — 
and  consider  its  electricity,  whether  at  rest  or  in  motion.  Then,  as 
to  terrestrial  magnetism,— of  what  its  relation  may  be  to  perceptible 
electric  manifestations  we  at  present  know  nothing.  You  all  know 
that  the  earth  acts  as  a  great  magnet.  Dr.  Gilbert,  of  Colchester, 
made  that  clear  nearly  300  years  ago ;  but  how  the  earth  acts  as  a 
great  maguet-f^how  it  is  a  magnet,-^whothor  an  electro-magnet  in 
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Virtue  of  currents  revolving  round  under  the  upper  surface,  or 
whether  it  is  a  magnet  like  a  mass  of  steel  or  loadstone,  we  do  not 
know.  This  we  do  know,  that  it  is  a  variable  magnet,  and  that  a 
first  approximation  to  the  variation  consists  in  a  statement  of  motion 
romid  the  axis  of  figure — motion  of  the  magnetic  poles  round  the 
axis  of  figure,  in  a  period  of  from  900  to  1000  years.  The  earth  is 
not  a  uniformly  magnetised  magnet  with  two  poles,  and  with  circles 
of  symmetry  round  those  poles.  But  a  first  expression — as  wo 
should  say  in  mathematical  language  the  first  "  harmonic  term  " — 
in  the  full  expression  of  terrestrial  magnetism  is  an  expression  of  a 
regular  and  symmetrical  distribution  such  as  I  have  indicated. 
Now,  this  is  quite  certain,  that  the  axis  of  this  first  term,  so  to 
speak,  or  this  first  approximation,  which,  in  fact,  we  might  call  the 
magnetic  axis  of  the  earth,  does  revolve  round  the  axis  of  figure. 

When  the  phenomena  of  terrestrial  magnetism  were  first  some- 
what accurately  observed  about  300  years  ago,  the  needle 
pointed  here  in  England  a  little  to  the  east  of  north ;  a  few  years 
later  it  pointed  due  north ;  then,  until  about  the  year  1820,  it  went 
to  the  west  of  nortli ;  and  now  it  is  coming  back  towards  the  north. 
The  dip  has  experienced  corresponding  variations.  The  dip  was  first 
discovered  by  the  instrument  maker  Robert  Norman : — an  illus- 
tration, I  may  mention  in  passing,  of  the  benefits  which  abstract 
Boience  derives  fix>m  practical  applications — one  of  the  most  im- 
portant fundamental  discoveries  of  magnetism  brought  back  to 
theory  by  an  instrument-maker  who  made  mariner's  compasses. 
Robert  Norman,  in  balancing  his  compass-cards,  noticed  that  after 
they  were  magnetized  one  end  dipped,  and  he  examined  the  phe- 
nomenon and  supported  a  needle  about  the  cantre  of  gravity,  mag- 
netised it,  and  discovered  the  dip.  Well,  when  the  dip  was  first  so 
discovered  by  Robert  Norman  it  was  less  than  it  is  now.  The  dip 
has  gone  on  increasing,  and  is  still  increasing;  but  about  fifty 
years  ago  the  deviation  from  true  north  was  greatest.  Everything 
goes  on  as  if  the  earth  had  a  magnetic  pole  revolving  at  a  distance 
of  about  twenty  degrees  round  the  true  north  pole.  About  300 
years  ago  it  was  on  the  farther  side  of  the  north  pole,  and  a  little 
to  the  east.  Thence  it  travelled  round  the  north  pole  in  the  same 
direction  as  that  in  which  the  earth  itself  rotates  so  as  to  come  to 
the  left-hand  side  of  the  north  ])ole,  and  then  obliquely  towards  us  : 
so  tliat  about  200  years  from  now  we  may  expect  the  magnetic  polo 
to  bo  between  England  and  the  north  pole,  and  in  England  the 
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needle  to  point  duo  north  and  tho  dip  to  bo  greater  than  it  has  been  for 
one  thousand  years  or  will  be  again  for  another.  That  motion  of  the 
magnetic  pole  in  a  circle  round  the  true  north  pole  has  already  (within 
the  period  during  wliich  somewhat  accurate  measurements  have  been 
made)  been  experienced  to  the  extent  of  rather  more  than  a  quarter 
of  the  whole  revolution.  It  is  one  of  the  greatest  mysteries  of 
science — a  mystery  which  I  might  almost  say  is  to  myself  a  subject 
of  daily  contemplation — what  can  be  the  cause  of  this  magnetism 
in  the  interior  of  the  earth  ?  Rigid  magnetization,  like  that  of 
steel  or  the  loadstone,  has  no  quality  in  itself  in  virtue  of  which  we 
can  conceive  it  to  migrate  round  in  the  magnetised  bar.  Electric 
currents  afford  the  more  favoured  hypothesis;  they  are  more 
mobile.  If  we  can  conceive  electric  currents  at  all,  we  may 
conceive  them  flitting  about  But  what  sustains  the  electric 
currents?  People  sometimes  say,  heedlessly  or  ignorantly,  that 
thermo-electricity  does  it.  We  have  none  of  the  elements  of  tlie 
problem  of  thermo-electricity  in  the  state  of  underground  tempera- 
ture which  could  possibly  explain,  in  accordance  with  any  know- 
ledge we  have  of  thermo-electricity,  how  there  could  so  be  sustained 
currents  round  the  earth.  And  if  there  were  currents  round  the 
earth,  regulated  by  some  cause  so  as  to  give  them  a  definite  direc- 
tion at  one  time,  we  are  as  far  as  ever  from  explaining  how  the 
channel  of  these  currents  could  experience  that  great  revolutionary 
variation  which  we  know  it  does  experience.  Thus  we  have  merely 
a  myster5%  It  would  be  rash  to  suggest  even  an  explanation.  I 
may  say  that  one  explanation  has  been  suggested.  It  was  sug- 
gested by  the  great  astronomer,  Halley,  that  there  is  a  nucleus  in 
the  interior  of  the  earth,  and  that  the  mystery  is  explained  simply 
by  a  magnet  not  rigidly  connected  with  the  upper  crust  of  the 
earth,  but  revolving  round  an  axis  differing  from  the  axis  of  rotation 
of  the  outer  crust,  and  exhibiting  a  gradual  processional  motion  in- 
dependent of  the  processional  motion  of  the  outer  rigid  crust,  I 
merely  say  that  has  been  suggested.  I  do  not  ask  you  to  judge  of 
the  probability :  I  would  not  ask  myself  to  judge  of  the  probability 
of  it     No  other  explanation  has  been  suggested. 

But  now,  I  say,  we  look  with  hopefulness  to  the  practical  tele- 
graphist for  data  towards  a  solution  of  this  grand  problem.  Tlie 
terrestrial  magnetism  is  subject,  as  a  whole,  to  the  grand  circular 
variation  which  I  have  indicated.  But,  besides  that,  there  are 
annual  variations  and  diurnal  variations.     Every  day  the  needle 
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varies  from  a  few  minutes  on  one  side  to  a  few  minutes  on  the 
other  side  of  its  mean  position,  and  at  times  there  ai'c  much  greater 
variations.  What  are  called  "  magnetic  storms  "  are  of  not  very 
unfrequent  occurrence.  In  a  magnetic  storm  the  needle  will  often 
fly  twenty  minutes,  thirty  minutes,  a  degree,  or  even  as  inuch  as 
two  or  three  degrees  sometimes,  from  its  proper  position — if  I  may 
use  that  term — its  proper  position  for  the  time ;  that  is,  the  position 
which  it  might  be  expected  to  have  at  the  time  according  to  the 
statistics  of  previous  observations.  I  speak  of  the  needle  in  general. 
The  ordinary  observation  of  the  horizontal  needle  shows  tliese  phe- 
nomena. So  does  observation  on  the  dip  of  the  needle.  So  does 
observation  on  the  total  intensity  of  the  teiTcstrial  magnetic  force. 
The  three  elements,  deflection,  dip,  and  total  intensity,  all  vary 
every  day  with  the  ordinary  diurnal  variation,  and  irregularly 
with  the  magnetic  storm.  The  magnetic  storm  is  always  associated 
with  a  visible  phenomenon,  which  we  call,  habitually,  electrical; 
aurora  borealis,  and,  no  doubt,  also  the  aurora  of  the  southern 
polar  regions. 

Wo  have  the  strongest  possible  reasons  for  believing  that  aurora 
consists  of  electric  currents,  like  the  electric  phenomena  presented 
by  currents  of  electricity  through  what  are  called  vacuum  tubes, 
.through  the  space  occupied  by  vacuums  of  different  qualities  in  the 
well-known  vacuum  tubes.  Of  course,  the  very  expression 
"vacuums  of  different  qualities  "  is  a  contradiction  in  terms.  It 
implies  that  there  are  small  quantities  of  matter  of  different  kinds  left 
in  those  nearest  approaches  to  a  perfect  vacuum  which  we  can  make. 

It  is  known  to  you  all  that  aurora  borealis  is  properly  com- 
parable with  the  phenomena  presented  by  vacuum  tubes.  The 
appearance  of  the  light,  the  variations  which  it  presents,  and  the 
magnetic  accompaniments,  are  all  confirmatory  of  this  view,  so 
that  we  may  accept  it  as  one  of  the  truths  of  science.  Well  now— 
and  here  is  a  point  upon  which,  I  tliink,  the  practical  telegraphist 
not  only  can,  but  will,  before  long,  give  to  abstract  science  data 
for  judging— is  the  deflection  of  the  needle  a  direct  effect  of  the 
auroral  current,  or  are  the  auroral  current  and  the  deflection  of  the 
needle  common  results  of  another  cause  ?  With  reference  to  this 
point,  I  must  sjjeak  of  imderground  currents.  There,  again,  I 
have  named  a  household  word  to  every  one  who  has  anything  to 
do  with  tlie  operation  of  working  the  electric  telegraph,  and  not  a 
very  pleasing  household  word  I  must  say.     I  am  sure  most  prac- 
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tical  telegraphers  would  ratlier  never  hear  of  earth  currents  again. 
Still  we  have  got  earth  currents ;  let  us  make  tlie  best  of  tliem. 
They  are  always  with  us;  let  us  see  whether  we  cannot  make 
something  out  of  them  since  they  have  given  us  so  much  trouble. 

Now,  if  we  could  have  simultaneous  observations  of  the  under- 
ground cun-ents,  of  the  three  magnetic  elements,  and  of  the  aurora, 
we  should  have  a  mass  of  evidence  from  which,  I  believe,  without 
fail,  we  ought  to  be   able  to   conclude   an  answer  more  or  loss 
definite  to    the  question   I  have  put.      Are   we  to  look   in    the 
regions  external  to  our  atmosphere  for  the  cause  of  the  under- 
ground currents,  or  are  we  to  look  under  the  earth  for  some  un- 
known cause  aflFecting  terrestrial  magnetism,  and  giving  rise  to  an 
induction  of  tliose  currents  ?     The  direction  of  the  effects,  if  we 
can  only  observe  those  directions,  will  Jielp  us  most  materially  to 
judge  as  to  what  answer  should  be  given.     It  is  my  desire  to  make 
a  suggestion  which  may  reach  members  of  this  society,  and  asso- 
ciates in  distant  parts  of  the  world.      I  make  it  not  merely  to 
occupy  a  little  time  in  an  inaugural  address,  but  with  the  most 
earnest  desire  and  expectation  that  something  may  be  done  in  the 
direction  of  my  suggestion.     I  do  not  venture  to  say  that  some- 
thing may  come  from  my  suggestion,  because,  perhaps,  without 
any  suggestion  from  me,  the  acute  and  intelligent  operators  whom 
our  great  submarine  telegraph  companies  have  spread  far  and  wide 
over  the  earth  are  ftilly  alive  to  the  importance  of  such  observa- 
tions as  I  am  now  speaking  of.     I  would  just  briefly  say  that  the 
kind  of  observation  which  would  be  of  value  for   the   scientific 
problem  is — to  observe  the  indication  of  an  electrometer  at  each  end 
of  a  telegraph  line  at  any  time,  whether  during  a  magnetic  storm 
or  not,  and  at  any  time  of  the  night  or  day.     If  the  line  be  worked 
with  a  condenser  at  each  end,  this  observation  can  be  made  witli- 
out  in  the  slightest  degree  influencing,  and  therefore  without  in 
the  slightest  degree  disturbing,  the  practical  work  throughout  the 
line.     Put  on  an  electrometer  in  direct  connection  with  the  line, 
connect  the  outside  of  the  electrometer  with  a  proper  earth  connec- 
tion, and  it  may  be  observed  quite  irrespectively  of  the  signalling; 
when  the  signalling  is  done,  as  it  very  frequently  is  at  submarine 
lines,  witli  a  condenser  at  each  end.    The  scientific  observation  will 
be  disturbed  undoubtedly,  and  considerably  disturbed,  by  tlie  send- 
ing of  messages ;  but  the  disturbance  is  only  transient,  and  in  the 
very  pause  at  the  end  of  a  word  there  will  bo  a  auflRcieivWy  xv^vcc 
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approach  to  steadiness  in  the  potential  at  the  end  of  the  wire  con 
nected  with  the  electrometer  to  allow  a  careful  observer  to  estimat 
with  practical  accuracy  the  indication  that  lie  would  have  were  ther 
no  working  of  the  line  going  on  at  the  time.  A  magnetic  storm  c 
considerable  intensity  does  not  stop  the  working,  does  indeed  scarcel 
interfere  with  the  working,  of  a  submarine  line  in  many  instance 
when  a  condenser  is  used  at  each  end.  Thus,  observations,  eve 
when  the  line  is  working,  may  be  made  during  magnetic  stormj 
and  again,  during  hours  when  the  line  is  not  working  if  there  ar 
any,  and  even  the  very  busiest  lines  have  occasional  hours  of  res 
Perhaps,  then,  however,  tlie  operators  have  no  time  or  zeal  lefl 
or,  rather,  I  am  sure  they  have  always  zeal,  but  I  am  not  sur 
that  there  is  always  time  left,  and  it  may  be  impossible  for  them  t 
bear  the  strain  longer  than  their  office  hours  require  them.  Bv 
when  there  is  an  operator,  or  a  superintendent,  or  mechanic,  o 
an  extra  operator  who  may  have  a  little  time  on  his  hands,  then, 
say,  any  single  observation  or  any  series  of  observations  ths 
he  can  make  on  the  electric  potentials  at  one  end  of  an  insulate 
line  will  give  valuable  results. 

When  arrangements  can  be  made  for  simultaneous  observatior 
of  the  potentials  by  an  electrometer  at  the  two  ends  of  the  line,  tli 
results  will  be  still  more  valuable.  And,  lastly,  I  may  just  sa 
that  when  an  electrometer  is  not  available,  a  galvanometer  of  ver 
large  resistance  may  be  employed.  This  will  not  in  the  slightei 
degree  interfere  with  the  practical  working  any  more  thai]  woul 
an  electrometer,  nor  will  it  be  more  difficult  to  get  residts  of  tli 
scientific  observations  not  overpoweringly  disturbed  by  the  ]:)ractic{ 
working  if  a  galvanometer  is  used  than  when  an  electi-ometer 
available.  The  more  resistance  that  can  be  put  in  between  tl: 
cable  and  the  earth  in  circuit  with  a  galvanometer  the  better,  an 
the  sensibility  of  the  galvanometer  will  still  be  found  perhaps  moi 
than  necessary.  Then,  instead  of  reducing  it  by  a  shunt,  let  ste 
magnets  giving  a  more  powerful  direction  to  the  needle  be  applic 
for  adjusting  it.  The  resistance  in  circuit  with  the  galvanomet( 
between  cable-end  and  earth  ought  to  be  at  least  twenty  times  tl 
cable's  copper-resistance  to  make  the  galvanometer  observations  j 
valuable  as  those  to  be  had  by  electrometer. 

I  should  speak  also  of  the  subject  of  atmospheric  eleetrieit 
The  electric  telegraph  brings  tliis  phenomenon  into  eonucction  wil 
terrestrial  magnetism,  with  earth  currents,  and,  through  them,  wil 
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aurora  borealis,  in  a  manner  for  which  observations  made  before 
the  time  of  the  electric  telegraph,  ot  without  the  aid  of  the  electric 
tel^ph,  had  not  given  us  any  data  whatever.     Scientific  observa- 
tions on  terrestrial  magnetism,  and  on  the  aurora,  and  on  atmospheric 
electricity,  had  shown  a  connection  between  the  aurora  and  terrestrial 
magnetism  in  the  shape  of  the  disturbances  that  I  have  alluded  to 
at  a  time  of  magnetic  storm ;  but  no  connection  between  mag- 
netic storms  and  atmospheric  electricity,  thunderstorms,  or  generally 
the  state  of  the  weather — what  is  commonly  called  meteorology — has 
vet  been  discovered.     There  is  just  one  common  link  connecting 
these  phenomena  and  those  exhibited  in  the  electric  telegraph.     A 
telegraphic  line — an  air  line  more  particularly,  but  a  submarine 
^ine  also — shows  us  unusually  great  disturbances  not  only  when 
Aere  are  aurora  and  variations  of  terrestrial  magnetism,  but  when 
4e  atmospheric  electricity  is  in  a  disturbed  state.     Tliat  it  should 
^  so  electricians  here  present  will  readily  understand.     They  will 
''^Jerstand  when  they  consider  the  change  of  electrification  of  the 
^^^th's  surface  which  a  lightning  discharge  necessarily  produces. 
I  fear  I  might  occupy  too  much  of  your  time,  or  else  I  would 
^  ^^  like  to  say  a  word  or  two  upon  atmospheric  electricity,  and  to 
^*^11  your  attention  to  the  quantitative  relations  which  questions  in 
^^^nnection   with   this   subject   bear   to    those  of  ordinary   earth 
^^^^trrents   and  the  phenomena  of  terrestrial  magnetism.      In  fair 
^^<5ather  the  surface  of  the  earth  is  always,  in  these  countries  at  all 
^X-ents,  found  negatively  electrified.     Now  the  limitation  to  these 
'^T:)untries  that  I  have  made  suggests  a  point  for  the  practical  tele- 
^^Craphists  all  over  the  world.     Let  us  know  whether  it  is  only  in 
-England,  France,  and  Italy  that  in  fine  weather  the  earth's  sur- 
^Piice  is  negatively  electrified.     The  only  case  of  exception  on  record 
"to  this  statement  is  Professor  Piazzi  Smyth's  observations  on  the 
l^eak  of  Teneriffe.     There,  during  several  months  of  perfectly  fair 
"Weather,  the   surface   of  the  mountain  was,   if  the   electric  test 
applied  was  correct,  positively  electrified;  but  Professor   Piazzi 
Smyth  has,  I  believe,  pointed  out  that  the  observations  must  not  be 
relied  upon.     The  instrument,  as  he  himself  found,  was  not  satis- 
factory.    The  science  of  observing  the  atmospheric  electricity  was 
then  so  much  in  its  infancy  that,  though  he  went  prepared  with 
the  best  instrument,  and  the  only  existing  rules  for  using  it,  there 
was  a  fatal  doubt  as  to  whether  the  electricity  was  positive  or  nega- 
tive after  all.     But  the  fact  that  there  has  been  such  a  doubt  is 
important. 
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Now  I  suppose  there  will  be  a  telegraph  to  TenerifFc  before  long, 
and  then  I  hope  and  trust  some  of  the  operators  will  find  time  to 
climb  the  Peak.  I  am  sure  that,  even  without  an  electric  object, 
they  will  go  up  the  Peak.  Now  they  must  go  up  the  Peak  with 
an  electrometer  in  fine  weather,  and  ascertain  whether  the  surface 
of  the  earth  is  there  positively  or  negatively  electrified.  If  they  find 
that  on  one  fine  day  it  is  negatively  electrified,  the  result  will  be 
valuable  to  science  ;  and  if  on  several  days  it  is  found  to  be  all  day 
and  all  night  negatively  electrified,  th^n  tliere  will  be  a  very  great 
accession  to  our  knowledge  regarding  atmospheric  electricity. 

When  I  say  the  surface  of  the  earth  is  negatively  electrified  1 
make  a  statement  which  I  believe  was  due  originally  to  Peltier. 
The  more  common  form  of  statement  is  that  the  air  is  positively 
electrified,  but  this  form  of  statement  is  apt  to  be  delusive.  More 
than  that,  it  is  most  delusive  in  many  published  treatises,  both  in 
books  and  encyclopaBdias,  upon  the  subject.  I  have  in  my  mind  one 
encyclopaedia  in  which,  in  the  article  "  Air,  electricity  of,"  it  is  said 
that  the  electricity  of  the  air  is  positive,  and  increases  in  rising 
from  the  ground.  In  the  same  encyclopaedia,  in  the  article  "  Elec- 
tricity, atmospheric,"  it  is  stated  that  the  surface  of  the  earth  is 
negatively  electrified,  and  that  the  air  in  contact  with  the  earth, 
and  for  some  height  above  the  earth,  is,  in  general,  negatively 
electrified.  I  do  not  say  too  much,  then,  when  I  say  that  tlie 
statement  that  the  air  is  positively  electrified  has  been  at  all  events 
a  subject  for  ambiguous  and  contradictory  propositions ;  in  fact, 
what  we  know  by  direct  observation  is,  that  the  surface  of  the  earth 
is  negatively  electrified,  and  positive  electrification  of  the  air  is 
merely  inferential.  Suppose  for  a  moment  that  there  were  no 
electricity  whatever  in  the  air — that  the  air  was  absolutely  devoid 
of  all  electric  manifestation,  and  that  a  charge  of  electricity  were 
given  to  the  whole  earth.  For  this  no  great  amount  would  be 
necessary.  Such  amounts  as  we  deal  with  in  our  great  submarine 
cables  would,  if  given  to  tlie  earth  as  a  whole,  produce  a  very 
considerable  electrification  of  its  whole  surface.  You  all  know 
the  comparison  between  the  electro-static  capacity  of  one  of 
the  Atlantic  cables,  with  the  water  round  its  gutta-percha  for 
outer  coating — and  the  earth  with  air  and  infinite  space  for 
its   outer   coating.*       I    do    not  remember   the   figures    at    this 

*  The    earth's   radius  is  al>oat  C30  million   centimetres,   and   its   electrostatic 
capacity  is  therefore  630  microfarads  or  about  that  of  1,600  miles  of  cable. 
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moment ;  in  fact  I  do  not  remember  which  is  the  greater. 
Well  now,  if  all  space  were  non-conducting — and  experiments 
on  vacuum  tubes  seem  rather  to  support  the  possibility  of  that 
being  the  correct  view — if  all  space  were  non-conducting,  our 
atmosphere  being  a  non-conductor,  and  the  rarer  and  rarer  air 
above  us  being  a  non-conductor,  and  the  so-called  vacuous  space, 
or  the  interplanetary  space  beyond  that  (which  we  cannot  admit  to 
be  really  vacuous),  being  a  non-conductor  also,  then  a  charge  could 
be  given  to  the  earth  as  a  whole,  if  there  were  the  other  body  to 
come  and  go  away  again,  just  as  a  charge  could  be  given  to  a  pith- 
ball  electrified  in  the  air  of  this  room.  Then,  I  say,  all  the  pheno- 
mena brought  to  light  by  atmospheric  electrometers,  which  we 
observe  on  a  fine  day,  would  be  observed  just  as  tliey  are.  The 
ordinary  observation  of  atmospheric  electricity  would  give  just  the 
result  that  we  obtain  from  it.  The  result  that  we  obtain  every  day 
of  fair  weather  in  ordinary  observations  on  atmospheric  electricity 
is  precisely  the  same  as  if  the  earth  were  electrified  negatively  and 
the  air  had  no  electricity  in  it  whatever. 

I  have  asserted  strongly  that  the  lower  regions  of  the  air 
are  negatively  electrified.  On  what  foundation  is  this  assertion 
made  ?  Simply  by  observation.  It  is  a  matter  of  fact ;  it  is  not  a 
matter  of  speculation.  I  find  that  the  air  which  is  drawn  into  a  room 
from  the  outside  on  a  fine  day  is  negatively  electrified.  I  believe  the 
same  phenomena  will  be  observed  in  tliis  city  as  in  tlie  old  buildings 
of  the  University  of  Glasgow,  in  the  middle  of  a  very  densely-peopled 
and  smoky  part  of  Glasgow  ;  and  therefore  I  doubt  not  that  when 
air  is  drawn  into  this  room  from  the  outside,  and  a  water-dropping 
collector  is  placed  in  the  centre  of  the  room,  or  a  few  feet  above 
the  floor,  and  put  in  connection  with  a  sufficiently  dehcate  electro- 
meter, it  will  indicate  negative  electrification.  Take  an  electric 
machine ;  place  a  spirit-lamp  on  its  prime  conductor ;  turn  the 
machine  for  a  time ;  take  an  umbrella,  and  agitate  the  air  with  it 
till  the  whole  is  well  mixed  up ;  and  keep  turning  the  machine, 
with  the  spirit-lamp  burning  on  its  prime  conductor.  Then  apply 
your  electric  test,  and  you  will  find  the  air  positively  electi'ified. 
Again — Let  two  rooms,  with  a  door  and  passage  between  them,  be 
used  for  the  experiment  First  shut  the  door  and  open  the  win- 
dow in  your  observing  room.  Then,  whatever  electric  operations 
you  may  have  been  performing,  after  a  short  time  you  find 
indications  of  negative  electrification  of  the  air.     During  all  that 
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tiino,  let  us  suppose  that  an  electric  macliine  has  been  turned  in 
the  neighbouring  room,  and  a  spirit-lamp  burning  on  its  ])rinic 
conductor.  Keep  turning  the  electric  machine  in  the  neighbour- 
ing room,  with  the  spirit-lamp  as  before.  Make  no  other  diftbr- 
ence  but  this — shut  the  window  and  open  the  door.  I  am  suppos- 
ing that  there  is  a  fire  in  your  experimenting  room.  When  the 
window  was  open  and  the  door  closed,  the  fire  drew  its  air  from 
the  window,  and  you  got  the  air  direct  from  without.  Now  shut 
the  window  and  open  the  door  into  the  next  room,  and  gradually 
the  electric  manifestation  changes.  And  here  somebody  may 
suggest  that  it  is  changed  because  of  the  opening  of  the  door,  and 
the  inductive  effect  from  the  passage.  But  I  anticipate  that 
criticism  by  saying  that  my  observation  has  told  me  that  the 
change  takes  place  gradually.  For  a  time  after  the  door  is 
opened  and  the  window  closed,  the  electrification  of  the  air  in 
your  experimental  room  continues  negative,  but  it  gradually 
becomes  zero,  and  a  little  later  becomes  positive.  It  remains 
positive  as  long  as  you  keep  tmning  the  electric  machine  in  the 
other  room  and  the  door  is  open.  If  you  stop  turning  the  electric 
machine,  then,  after  a  considerable  time,  the  manifestation  changes 
once  more  to  negative ;  or  if  you  shut  the  door  and  open  the 
window  the  manifestation  changes  more  rapidly  to  negative.  It  is, 
then,  proved  beyond  all  doubt  that  the  electricity  which  comes  in 
at  the  windows  of  an  ordinary  room  in  town  is  ordinai'ily  negative 
in  fair  weather.  It  is  not  always  negative,  however.  I  have  found 
it  positive  on  some  days.  In  broken  weather,  rainy  weather,  and 
so  on,  it  is  sometimes  positive  and  sometimes  negative. 

Now,  hitherto  there  is  no  proof  of  positive  electi'icity  in  the  air 
at  all  in  fine  weather  ;  but  we  have  grounds  for  inferring  tliat 
probably  there  is  positive  electricity  in  the  upper  regions  of  the  air. 
To  answer  that  question  the  direct  manner  is  to  go  up  in  a  balloon, 
but  that  takes  us  beyond  telegraphic  regions,  and  tlierefore  I  niust 
stop.  But  I  do  say  that  superintendents  and  telegraphic  opera- 
tors in  various  stations  might  sometimes  make  observations ;  and 
I  do  hope  that  tlie  companies  will  so  arrange  their  work,  and 
provide  such  means  for  their  spending  their  spare  time,  tliat 
each  telegraph  station  may  be  a  sub-section  of  the  Society  of 
Telegraph  Engineers,  and  may  be  able  to  have  meetings,  and 
make  experiments,  and  put  their  forces  togetlier  to  endeavour  to 
arrive  at  the  truth.      If  telegraph  operators  would  repeat  such 
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experiments  in  various  parts  of  tlio  world,  they  would  give  us  most 
valuable  information.  And  we  may  hope  tliat,  besides  definite 
information  regarding  atmospheric  electricity,  in  which  we  are  at 
present  so  very  deficient,  we  shall  also  get  towards  that  great 
mystery  of  nature — the  explanation  of  terrestrial  magnetism  and 
Hb  associated  phenomena, — the  grand  circular  variation  of  mag- 
netism, the  magnetic  storms^  and  the  aurora  borealis. 

And  now,  gentlemen,  I  must  apologise  to  you  for  having  tres- 
passed so  long  upon  your  time.  1  have  introduced  a  subject  which, 
perhaps,  more  properly  ought  to  have  been  brought  forward  as  a 
communication  at  one  of  the  ordinary  meetings.  I  may  just  say, 
Wore  sitting  down,  that  I  look  forward  witli  great  hopefulness  to 
4e  fiiture  of  the  Society  of  Telegraph  Engineers.  I  look  upon  it 
as  a  Society  for  establishing  harmony  between  theory  and  practice 
in  electrical  engineering — in  electrical  science  generally.  Of  course, 
branches  of  engineering  not  purely  electric  are  included,  but  the 
special  subject  of  this  Society  is  now,  and  I  think  must  always  be, 
electricity.  Electric  science  hopes  much  from  the  observations  of 
telegraphists,  and  particularly  with  the  great  means  of  observing 
that  they  have  at  their  disposal.  Science,  I  hope,  will  continue  to 
confer  benefits  on  the  practical  operator.  Let  our  aim  be  to  secure 
hy  organized  co-operation  that  the  best  that  science  can  do  shall  be 
done  for  the  practical  operator,  and  tliat  the  work  and  observations 
of  practical  operators  shall  be  brought  together,  through  the 
channels  of  the  various  sub-sections,  into  one  grand  stream  which 
this  Society  will  be  the  means  of  utilising. 


Dr.  Siemens  (Past  President) — Gentlemen,  I  have  the  pleasure 
of  moving  that  the  cordial  thanks  of  the  meeting  be  voted  to  the 
President,  Sir  William  Thomson,  for  his  able  address  this  evening. 
I  need  not  say  that  we  have  great  cause  for  self-gratulation  upon  our 
having  induced  Sir  William  Thomson  to  assume  the  head  of  this 
Society.     We  shall  increase  our  prosperity  and  our  character  as  a 
scientific  institution  in  no  mean  degree.    Allow  me,  before  I  proceed 
further  with  my  motion,  to  mention  one  or  two  points  with  regard  to 
the  condition  of  our  Society  at  the  present  moment.    You  will  pre- 
sently be  informed  of  the  state  of  your  finances,  which,  I  am  happy 
to  say,  are   in  the  most  prosperous  condition.      This  prosperous 
condition  is  due  to  the  great  accession  of  members,  and  to  the 
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liberal  subscriptions  to  our  publishing  Fund  which  some  raeinbers 
have  given  us ;  but  it  is  due  in  a  great  measure  also  to  the 
liberal  spirit  which  animated  the  President  and  Council  of  the 
Institute  of  Civil  Engineers  in  granting  us  this  noble  hall  free  oi 
all  expense.  We  are  thus  enabled  to  meet  in  great  comfort,  witli 
all  the  prestige  of  the  parent  institution  to  support  us.  Some  of  us 
may  have  thought  that  we  were  rather  in  the  way,  perhaps,  and 
might  silently  be  considered  what  is  called  a  "  bore."  If  any  sucli 
doubt  existed  in  the  minds  of  members  it  must  have  been  com- 
pletely dispelled  in  the  case  of  those  wluo  attended  last  night's 
meeting  here,  when  the  President  of  the  Institute  of  Civil  Engi- 
neers mentioned  the  Society  of  Telegraph  Engineers  in  the  mosi 
flattering  terms,  and  expressed  his  great  pleasure  at  the  Institution 
having  lent  a  helping  hand  to  this  useful  and  prosperous  Society. 

We,  however,  are  not  quite  dependant  upon  hospitality.  Wc 
now  have  a  home  of  our  own — an  office  and  a  library.  At  No.  4, 
Broad  Sanctuary,  a  very  commodious  office  has  been  arranged, 
and  shelves  are  now  being  provided  for  the  reception  of  books 
We  hope  to  receive  a  good  groundwork  for  a  valuable  librar> 
through  the  liberality  of  Sir  Francis  Ronalds,  F.lt  S.,  who  before 
his  death  had  promised  to  give  it  his  favourable  consideration,  i: 
not  absolutely  to  commit  lo  our  charge  his  library,  which  is  knowr 
to  be  a  most  valuable  collection  of  works  on  electrical  science 
With  such  a  foundation  we  hoi)e  to  keep  adding  to  our  treasure 
and,  if  members  will  only  bear  in  mind  that  books  on  electrica 
and  telegraphic  subjects  will  always  be  most  welcome,  we  shal 
from  year  to  year  have  important  additions  made  to  our  stock 
On  tlie  other  hand,  members  will  have  an  opportunity  of  eutcrinr 
that  library  whenever  they  are  in  want  of  information  on  aiij 
subject  regarding  their  profession. 

We  have  heard  to-night  a  most  interesting  address.  It  was  an 
address  on  a  subject  upon  which  our  President  is  ])re-emincn1 
above  all  others.  It  would  be  hard  indeed  to  mention  any  brancli 
of  natural  science  in  which  he  is  not  eminent,  but  on  this  subjeci 
of  atmospheric  electricity  and  electrometers,  nearly  all  that  has  been 
done  of  late  years  is  due  almost  entirely  to  the  President  of  tJiis 
Society.  He  throws  out  a  suggestion  which  puts  the  Society  at 
once  in  its  proper  light  towards  the  advancement  of  science.  Our 
President  suggests  that  electrometer  observations  shall  be  made  by 
telegraphic  operators  in  all  ])ai'ts  of  the  world  with  a  view   to 
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determine  great  cosmical  and  meteorological  problems  which 
occupy  the  minds  of  scientific  men.  This  appears  to  me  a  most 
happy  suggestion.  Who  could  furnish  such  information  but  the 
telegraphic  operator  ?  And  if  through  tlie  Publishing  Committee 
the  information  is  collected  from  all  parts  of  the  globe,  and  put 
into  our  Journal  from  time  to  time,  and  tabulated  there,  I  have  no 
doubt  that  through  tliis  suggestion  most  important  material  will  bo 
ftimished  for  the  advancement  of  science. 

Our  President  is  not  only  a  man  of  science  of  the  highest  emi- 
nence, but  he  also  is  a  practical  telegraph  engineer,  and  as  such  wo 
have  a  right  to  see  him  at  the  head  of  us,  leading  the  Society 
towards  the  position  which  the  founders  of  it  hoped  that  it  would 
soon  attain — that  of  being  both  a  scientific  and  practical  Society, 
having  chiefly  in  view  the  application  of  science  to  practical  ends. 
I  have  great  pleasure,  therefore,  in  proposing  that  our  cordial 
thanks  be  voted  to  our  President,  and  that  he  be  asked  to  allow 
his  address  to  be  printed  in  our  Journal. 

Professor  Williamson,  F.RS. — I  have  great  pleasure  in  rising 
to  second  the  vote  which  has  been  proposed  to  you  by  my  distin- 
guished friend  Dr.  Siemens.  It  has  been  giv^n  to  few  to  render 
such  services  to  abstract  science  as  those  which  have  been  rendered 
by  Sir  William  Thomson.  I  may  say  with  equal  truth,  even  in 
this  assembly,  that  it  has  not  been  given  to  many  to  render  such 
services  to  electrical  engineering  as  those  which  have  been  rendered 
by  Sir  William  Thomson.  But  when  we  come  to  consider  tliat  one 
and  the  same  man  has  attained  such  pre-eminent  usefulness  in  the 
two  opposite  ends  of  human  activity, — I  mean  the  highest  theory 
and  the  most  thoroughly  practical  business, — then,  I  tliink,  it  must 
be  felt  that  the  Society  has  peculiar  reason  to  congratulate  itself 
on  having  so  gifted  a  man  at  its  head.  I  am  sure  that  you  must 
all  have  listened  with  much  pleasure  to  the  thoughtful  and  suggestive 
address  which  we  have  heard,  and  that  you  will  most  cordially  vote 
the  motion  which  has  been  proposed  by  my  friend  Dr.  Siemens. 

The  motion  was  put  by  the  mover,  and  carried  witli  acclamation. 

Tlie  President — Dr.  Siemens,  Professor  Williamson,  and  Gen- 
tlemen, I  thank  you  very  much  for  the  manner  in  which  you 
have  received  my  poor  efforts  in  addressing  you  this  evening,  and 
for  the  kindness  with  which  you  have  spoken  of  what  I  have 
been  able  to  do  for  science. 

The  Meeting  then  adjourned. 

VOL.  UL  Ij 
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The  Twenty-first  Ordinary  General  Meeting  was  held  on  Wednes- 
day evening,  the  28th  January,  1874,  Sir  Wiluam  Thomson, 
F.R.S.,  President,  in  tlie  Chair. 


The  PREsroENT  announced  that  Mr.  Louis  J.  Crossley,  a  Member, 
had  presented  the  Society  with  eighty-two  volumes  of  the  Trans- 
actions of  the  Royal  Society.  The  gift  of  eighty-two  volumes  of 
Transactions  of  the  Royal  Society,  dating  from  the  commencement, 
is  one  of  great  importance  indeed,  and  they  cannot  fail  to  be  of 
continual  use  to  the  members  of  the  Society.  These  volumes 
extend  nearly  up  to  the  present  date,  and  a  Member  of  the  Council 
has  kindly  offered  to  put  into  the  Library,  on  trust,  the  volumes 
completing  the  series  up  to  the  present  date,  so  that  members  will 
thus  have  the  valuable  privilege  of  being  able  to  consult  in  their 
own  library  any  volume  of  the  Transactions  up  to  the  present  time. 
I  have  just  signed  a  letter,  in  the  name  of  the  Council,  thanking 
Mr.  Crossley  for  this  gift. 


The  President  :  The  first  subject  before  us  this  evening  is  the 
adjourned  discussion  on  Mr.  G.  E.  Preece's  paper  on  Underground 
Telegraphs. 

Major  Webber,  R.E. :  At  the  last  meeting  I  ventured  to  offer 
a  few  remarks  on  the  subject  of  Underground  Telegraphs,  and  it 
occurred  to  me  that  probably  this  discussion  would  be  continued  by 
gentlemen  who  would  from  their  experience  be  able  to  give  us 
some  results  as  to  the  progress  and  as  to  the  past  maintenance  of 
underground  telegraph  wires.  The  interesting  paper  of  Mr.  G. 
Preece  gave  a  most  complete  account  of  probably  the  most  perfect 
undergiound  telegraph  line  ever  laid  down — at  any  rate,  the  most 
perfect  one  ever  consti'ucted  in  this  country ;  but  we  heard  on  that 
evening  very  little  as  to  the  result  of  the  history  of  the  past  mainte- 
nance of  underground  telegraphs,  or  of  the  experience  of  those  who 
are  connected  with  their  construction.  I  then  ventured  to  remark 
that  the  history  of  underground  telegraphs,  so  far  as  we  know,  was 
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not  such  Oii  to  make  it  desirable  to  perpetuate  the  use  of  covered 
wires  carried  underground ;  but  I  only  did  so  in  order  that  perhaps 
others  who  had  had  experience  of  it  in  other  countries  would  tell 
us  something  about  it. 

I  have  been  called  upon  by  the  President  to  say  something  on 
this  subject,  and  I  have  risen  in  obedience  to  his  call ;  but  I  think 
the  paper  we  are  going  to  hear  this  evening  is  likely  to  be  of  so 
much  more  interest  than  anything  I  could  say  on  underground 
telegraphs  that  I  will  make  no  further  remarks.  I  have  no  doubt 
this  will  be  matter  of  future  discussion  in  this  Society  ;  and  from 
what  I  have  heard  from  gentlemen  who  have  known  what  under- 
ground telegraphs  have  done,  and  how  they  have  been  used,  and 
their  failures  and  successes,  it  is  not  the  last  time  we  shall  hear  of 
the  matter. 

Mr.  CuLLEY :  The  great  difficulty  with  underground  telegraphs, 
as  far  as  I  know,  has  been  in  the  joints.  Mr.  G.  Preece  took 
especial  care  with  his  joints,  and  they  appear  to  stand  very  well 
indeed,  but  it  is  almost  impossible  to  afford  the  time  for  making 
the  joints  in  the  perfect  manner  Mr.  G.  Preece  has  done.  We 
have  at  the  present  time  from  250  to  280  gutta-percha-covered 
wires  running  through  the  Holbom  Viaduct.  To  make  the  joints 
of  those  280  wires  would  take  a  long  time,  but  the  rough  mode  we 
have  adopted,  in  competent  hands,  is  fairly  successful.  We  have 
not  so  high  insulation  as  Mr.  G.  Preece  obtains,  but  still  it  is  very 
fair.  Although  we  try  to  teach  tlie  men  to  joint,  we  find  our  wires 
give  us  more  or  less  trouble  at  the  joints,  not,  however,  so  much 
in  London  as  in  the  country,  inasmuch  as  the  work  in  London  is 
done  generally  by  men  more  experienced.  If  any  one  could  invent 
a  joint  in  gutta-percha  wire  which  could  be  done  more  quickly 
than  the  method  of  uniting  the  gutta-percha  now  used,  and  give  us 
a  fair  joint  and  a  fair  amount  of  insulation — say  ten  million  ohms 
resistance — if  it  could  be  done  quickly,  so  that  a  man  could  join  up 
(say)  sixty  wires  per  day,  it  would  be  a  great  advantage ;  and,  per- 
haps, before  we  discuss  this  subject  again,  some  Member  of  the 
Society  may  hit  upon  a  method.  It  is  one  of  the  things  which 
wants  to  be  done. 

Mr.  Truman  :  The  last  speaker  has  said  it  would  be  a  great 
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advantage  to  the  Society  if  we  would  produce  a  joint  which  could 
bo  made  quickly  and  could  be  relied  on.  1  think  I  am  in  a  position 
to  say  such  a  joint  can  be  made.  I  mean  a  joint  can  be  made  of 
perfectly  solid  gutta-percha,  without  any  loss  of  continuity  what- 
ever, between  the  covered  wire  on  the  one  hand  and  the  covered 
wire  on  the  other ;  and  I  think  such  a  joint  could  be  made  in  the 
course,  perhaps,  of  twenty  minutes.  I  speak  with  diffidence  in  a 
Society  composed  of  gentlemen  who  know  so  much  more  of  these 
matters  than  I  do ;  but  I  have  had  some  experience  in  the  use  of 
gutta-percha,  and  for  many  years  it  has  been  my  hobby  to  employ 
all  the  knowledge  I  had,  for  the  purpose  of  advancing  the  use  of 
that  material  for  telegraph  purposes,  and  one  of  my  main  objects 
has  been  to  improve  the  joint,  and  I  believe  the  joint  can  be  made 
absolutely  solid.  But  I  think  one  of  the  great  impediments  in  the 
way  of  the  perfect  joint  is  the  compound  of  materials.  We  cannot 
manipulate  with  gutta-percha  properly  when  we  have  another  sub- 
stance intervening  between  the  layers  of  gutta-percha.  I  recollect 
Mr.  Statham  some  years  ago  speaking  to  me  on  the  sul)jcct  of 
gutta-percha,  as  then  used — that  was  previous  to  1860— and  he 
stated  that  his  friend  Gisborne  told  him  that  he  believed  gutta- 
percha would  never  be  improved  by  the  addition  of  any  other  sub- 
stance to  it,  but  that  the  gum  in  its  purity  was  the  material  to 
which  we  must  trust  for  the  insulation  of  our  great  telegraph  system. 
That  quite  agreed  with  my  own  feeling  on  the  matter,  and  that 
suggestion  led  me,  in  the  first  instance,  to  endeavour  to  produce  as 
pure  a  material  as  we  could  get  That  investigation  has  led  me  to 
this — that  I  believe  solid  gutta-percha  covering,  without  any  com- 
pound between  it  and  the  joint  made  of  gutta-percha  solid,  is  the 
way  in  which  we  shall  arrive  at  what  wo  want.  I  would  simply 
say  at  some  future  period,  when  this  discussion  is  raised  again, 
I  shall  be  happy  to  lay  before  tlie  Society  any  fresh  knowledge  I 
may  have  gained  on  the  subject  of  joints. 

The  President  :  We  all  know  the  vital  importance  to  telegraphy 
of  the  proper  answering  of  this  question  about  joints,  and  I  have 
listened  with  interest  to  the  statements  just  made  by  the  two  gen- 
tlemen who  have  spoken.     If  no  other  gentleman  present  has  any 
information  to  give  or  remarks  to  oflfer,  we  will  proceed  with  the 
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paper  which  stands  on  the  h'st,  and  I  will  call  upon  Mr.  Culley  to 
read  his  paper  "  On  Duplex  Telegraphy." 


AN  ATTEMPT  AT  A  FAMILIAR  EXPLANATION  OF 

THE  DUPLEX  PRINCIPLE. 

By  R.  S.  Culley,  Vice-President. 

I  have  found,  from  my  ovm  personal  experience,  that  it  is  a 
^ery  difficult  matter  to  see  the  principle  of  the  duplex  system. 

The  first  questions  which  are  asked  are.  How  can  the  current^ 
pass  one  another  in  the  line  wire  ?  and,  if  they  do  pass,  how  is  it 
tiiey  do  not  interfere  one  with  the  other  ? 

Telegraphists  are  but  too  well  aware  that,  when  two  stations  dis- 
pute for  the  possession  of  a  circuit,  the  signals  of  each  are  affected 
by  those  of  the  other.  If  the  instrument  is  a  single  needle,  it  is 
found  that,  when  the  direction  of  the  two  currents  is  the  same,  the 
needle  moves  more  strongly,  and  when  the  direction  differs  the 
needle  scarcely  moves  at  all.  The  fact  that  the  effect  of  the  cur- 
rent received  from  another  station  is  visible,  even  while  one  is 
signalling,  is  therefore  familiar.  This  effect  is  entire  confusion 
of  signals;  yet  let  us  see  whether  it  would  not  be  possible  to 
unravel  tin's  conftision. 

Suppose  then,  firat,  that  each  sender  knows  the  force  with 
which  his  needle  should  strike  the  stops,  by  the  action  of  his  own 
current.  Station  A  can  then  see  (I  mean  it  is  possible  for  him  to 
see)  when  the  distant  station  B  sends  a  current  in  the  same  direc- 
tion as  his  own,  or  tries  to  make  his  needle  move  to  the  same 
side ;  because  his  needle  (A.'s)  strikes  the  stop  more  strongly. 
Let  A  then  read  this  as  a  movement  similar  to  his  own. 

Secondly.  When  B  tries  to  move  A.'s  needle  in  the  opposite 
direction  to  which  A  himself  moves  it,  it  strikes  the  stops  less 
strongly,  or  perhaps  moves  only  half-way  to  the  stops.  Let  A 
read  this  as  a  movement  in  the  opposite  direction  to  his  own. 
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I  of  course  do  not  mean  to  say  that  practically  one  could  read  in 
this  way,  but  it  is  not  absolutely  impossible  to  do  so.  We  will  say, 
then,  that  A  can  with  great  care  read  B's  signals,  while  signals  are 
being  sent  very  slowly  by  A  himself.  And  if  A  can  read  B,  of 
course  B  can  read  A,  for  what  has  been  said  with  respect  to  A 
applies  equally  to  B. 

And  it  may  be  seen  that  if  by  any  means  we  could  arrange  so 
that  neitlier  station's  own  or  outgoing  current  should  affect  his 
needle,  leaving  the  dial  free  to  show  only  the  effect  produced  by 
the  incoming  current,  the  difficulty  of  reading  would  vanish. 

How  then  can  each  instrument  be  so  connected  up  that  neither 
sender  shall  move  his  own  needle,  and  yet  so  that  the  coils  shall 
always  remain  in  circuit  ? 

I  have  taken  tlie  needle  instrument  for  my  illustration,  because 
we  are  all  familiar  with  it.  We  are  all  more  or  less  familiar  also 
with  the  process  of  testing  for  resistance  with  the  differential 
galvanometer.  Let  us  consider  what  occurs  in  testing  a  line- wire 
between  two  stations  for  resistance  with  the  differential  galvano- . 
meter.  Until  the  resistance  of  the  rheostat  (or  resistance  coils) 
has  been  made  equal  to  that  of  the  line,  the  currents  sent  by  tapping 
the  key  attached  to  the  galvanometer  move  the  needle,  in  the  one 
direction  if  the  resistance  of  the  rheostat  is  too  small,  in  the  other 
direction  if  the  resistance  is  too  great.  But  immediately  a  balance 
is  obtained,  or,  in  other  words,  when  the  two  resistances  have  been 
made  equal,  currents  or  letters  sent  by  the  key  at  A  do  not  move 
the  needle  at  all,  because  the  current  divides  equally  between  the 
coil  connected  to  the  rheostat  and  that  connected  to  the  line, 
which  two  coils,  being  wound  in  opposite  directions,  counteract  one 
another.  We  will  suppose  that  B's  ordinary  instrument  has  been 
left  in  circuit,  and  that,  when  A  commences  to  test,  B  interrupts 
by  sending  occasional  signals;  these  signals  will,  of  course,  bo 
visible  on  A's  differential,  but  will  be  mixed  up  with  the  currents 
A  is  sending  in  order  to  obtain  a  balance.  But  directly  a  balance 
has  been  obtained,  for  we  will  suppose  B's  currents  have  not  been 
sent  so  perseveringly  as  to  prevent  A  making  his  test,  the  incoming 
currents,  or  rather  tlie  incoming  signals,  will  be  perfectly  separated 
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from  the  outgoing,  and  whether  A  now  sends  +  or  —  testing 
currents,  and  whether  they  are  sent  slowly  or  fast,  he  will  be  able 
to  read  all  that  B  may  say. 

I  have  here  two  single  needles  wound  with  two  parallel  wires, 
like  diflferential  galvanometers — they  have  the  drop-handle  keys. 
We  will  suppose  this  one  (A)  to  be  a  differential  galvanometer. 

I  will  now  attempt  to  test  the  wire  and  apparatus  at  B  by  the 
differential  I  will  send  currents  and  adjust  the  pegs  of  my  resist- 
ance coils  to  obtain  a  balance.  B  interrupts  now  and  then ;  his 
signals  are  of  course  visible  on  my  dial,  and  interfere  with  the 
movements  of  my  needle.  My  testing  current  moves  my  needle  to 
the  right,  B  sometimes  moves  it  right  and  sometimes  left. 

He  however  gives  me  time  to  adjust  my  resistance  coils,  and 
now  I  do  not  move  my  own  needle,  because  I  have  succeeded  in 
making  my  coils  equal  in  resistance  to  the  line  and  B's  instrument. 
Whether  I  move  my  handle  or  not,  B's  signals  are  now  quite 
legible  to  me.  My  current  does  not  act  on  my  own  needle.  But 
B  cannot  read  my  signals,  for  they  are  confused  by  the  currents  ho 
is  sending. 

B  now  converts  his  needle  instrument  into  a  differential,  by 
patting  in  circuit  the  second  wire  with  which  his  coils  are  wound, 
and  adjusts  his  resistance  coils.  We  saw  that  before  he  had  done 
this  all  was  confused,  but  now  that  the  balance  is  obtained  my 
signals  alone  appear  on  his  dial,  his  own  have  no  effect  on  his 
needle. 

Thus,  so  long  as  the  resistances  of  the  rheostats  at  each  end 
remain  equal  to  that  of  the  circuit  tested,  each  station  will  see  the 
currents  sent  by  the  other,  although  neither  of  them  can  see  his 
own. 

The  reason  is  this,  the  currents  sent  by  each  divide  equally 
between  the  line  and  the  rheostat,  passing  through  the  galvanometer 
coils  in  opposite  directions,  and  therefore  have  no  effect  upon  the 
needle  of  the  sending  instrument.  But,  when  the  distant  station  sends 
a  current,  it  either  aids  or  opposes  the  home  current ;  in  the  first 
case  it  adds  its  force  to  that  portion  which  passes  through  the  coil 
connected  to  line,  so  that  more  flows  to  line  than  to  rheostat  and 
the  needle  moves  ;  in  the  second  case  it  diminishes  the  currcut 
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passing  to  line,  more  now  flows  through  the  rheostat,  and  the  needle 
moves  in  the  opposite  direction. 

It  will  then  be  seen  that  the  two  currents  do  not  pass  one  another, 
as  has  been  imagined,  but  that,  when  both  stations  signal  at  the 
same  time,  the  current  sent  by  either  station  acts  upon  the  distant 
instrument  by  determining  whether  the  cmTcnts  sent  by  that  sta- 
tion shall  pass  tlirough  the  line  or  the  rheostat 

To  take  the  simplest  case,  that  of  a  differentially  wound  needle- 
instrument,  worked  by  a  single  current,  so  that  the  needle  is 
moved  in  one  direction  only ;  the  batteries  being  so  connected 
that  when  the  keys  at  both  stations  are  pressed  at  the  same  time 
the  currents  flow  in  the  same  direction  and  assist  one  another. 


Fio.  1. 


T 


{a.)  When  station  A  signals  separately,  the  current  is  divided 
at  Cy  and  its  effect  balanced  in  the  coils  ac  and  bd  of  the  home 
instrument,  but  it  passes  through  both  coils  of  the  distant  instru- 
ment in  the  same  direction,  entering  at  a',  passing  from  c  to  b' 
through  the  junction  /,  and  to  earth  by  d'  and  the  rheostat  r',  and 
therefore  produces  a  signal. 

(J),)  If  both  A  and  B  depress  their  keys  at  the  same  moment, 
the  two  batteries  are  added  to  one  another  so  far  as  the  line  wire 
is  concerned ;  this  produces  an  effect  on  the  differential  arrange- 
ment at  both  ends  equivalent  to  a  lessening  of  the  R  of  the  line, 
and  therefore  more  current  flows  to  the  line  than  to  the  rheostats. 

In  tlio  needle,  as  in  the  double-current  Morse,  the  actions  are 
more  complicated.  We  have  one  sending  -f,  while  the  other 
sends  — ;  both  may  send  -f ,  or  both  — . 
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When  A  sends  a  +  current,  while  B  sends  a  — ,  the  two  are  in 


rij" — ""^ 


Fig.  2. 

the  same  direction,  and  both  needles  move  alike.  We  know  that 
if  we  place  batteries  at  both  ends  of  a  line,  and  connect  copper  to 
earth  at  one  end  and  zinc  at  the  other,  we  obtain  a  stronger  signal 
on  both  instruments  than  if  but  one  battery  were  used ;  and  we 
can  thus  see  why,  in  this  case,  more  current  passes  to  line  than  to 
resistance  coils* 

When  both  send  -f  the  batteries  oppose  one  another,  and  we 
know  that,  if  the  opposing  batteries  be  equal  in  force,  no  signal 

_  — nt^ 
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Fig.  3. 

will  be  produced  at  either  end ;  but  the  current  passes  freely  from 
the  home  batteries  through  the  rheostat  circuits,  and  both  needles 
move  in  obedience  to  the  coil  connected  to  those  circuits,  and  of 
course  in  opposite  directions.  When  both  send  — ,  a  similar  effect 
occurs,  but  the  needles  move  the  other  way. 

Let  us  now  consider  how  the  phenomena  may  be  explained  by 
the  law  of  difference  of  potential.  We  know  that  a  current  flows 
from  a  point  of  higher  to  that  of  lower  potential,  and  that,  where 
no  diflPerence  of  potential  exists,  no  current  can  be  set  up.  More- 
over, that  if  a  point  of  high  potential  be  connected  by  two  circuits 
of  equal  resistance  to  two  points,  one  of  which  is  at  a  lower  potential 
than  the  other,  the  current  will  be  strongest  in  the  circuit  connected 
with  the  lower  of  the  two  potentials. 

Consider  the  case  in  which  A  sends  + ,  B  — .    The  line  and  the 


Fig.  4. 
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rheostat  circuits  are  equal  in  B.  Set  off  tliree  equal  resistances  on 
tlie  datum  line,  the  zero  of  potential;  cd  will  be  the  K  of  the  lino 
and  line -coil  of  each  instrument ;  Ac  and  dB  the  Rof  the  rheostats 
and  coils  connected  with  them.  Here  the  difference  of  potential 
between  c  and  d  is  double  that  between  c  and  A  or.^^  and  B; 
therefore  the  current  will  be  stronger  in  the  Hne  coils  than  in 
the  rheostat  coils,  and  the  instrument  will  obey  the  former. 


Let  both  A  and  B  now  send  + ,  the  zinc  pole  of  each  batterj' 
being  to  earth.  Here  there  is  no  difference  of  potential  between 
the  two  ends  of  the  line  c  and  d,  and  therefore  the  current  passes 
by  the  rheostat  to  earth.  The  insulation  of  the  wire  is  supix)sed  to 
be  perfect  in  these  cases ;  if  it  were  not  perfect,  the  resistances  A  c 
Bd  would  have  to  be  decreased. 


DISCUSSION. 

The  President  :  Has  any  gentleman  present  any  questions  to 
ask  ?  as  I  am  sure  Mr.  Culley  will  add  to  the  interest  of  what  he 
has  stated  by  answering  such  questions. 

Mr.  Latimer  Clark  :    I  have  listened  to  the  paper  with  great 
interest,  but  I  have  been  surprised  that  no  mention  has  l^een  made 
of  the  history  of  duplex  telegraphy.     I  think  the  name  of  Stearns 
was  mentioned  as  having  introduced  the  system  which  has  been 
described  this  evening,  but  it  is  only  right  to  say  the  duplex  system 
was  known  as  long  ago  as  1853,  when  experiments  were  made  by 
the  Electric  Telegraph  Company,  and  answered  tolerably  perfectly ; 
but  at  that  period  the  business  was  not  sufficient  to  render  the  acce- 
leration of  messages  necessary,  and  it  fell  into  disuse.     About  that 
time  Messrs.  Gintl  and  Siemens  made  improvements  in  tho  system, 
and  no  doubt,  if  the  same  demand  for  quick  transmission  existed 
then  which  there  is  at   the  present  time,  it  would   have  come 
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into  practical  operation  and  general  use.  It  was  however  laid 
aside  and  forgotten,  having  been  looked  upon  as  a  scientific 
telegraphic  ciu:iosity,  till  it  was  recently  revived  in  America, 
and  Mr.  Steams  has  worked  at  it  both  here  and  in  America, 
and  to  him  is  due  the  credit  of  having  added  to  the  system 
the  use  of  condensers.  As  is  well  known,  in  its  incipient  stage 
we  only  thought  of  balancing  the  resistance  of  the  line  and 
battery ;  we  did  not  go  far  enough  to  discover  the  balancing  the 
resistance  by  means  of  induction.  Mr.  Stearns  has  observed  the 
effect  of  induction  on  the  line,  and  has  shown  how  to  obviate  it. 
The  system  is  very  important  in  the  present  day.  I  learn  from 
Mr.  Culley  that  it  is  coming  into  extensive  adoption  in  this  country. 
I  know  it  is  so  in  America,  and  I  think  it  probable  it  will  soon  be 
uni^'ersally  used  throughout  the  world.  I  believe  it  will  be  used 
both  for  land  lines  and  submarine ;  in  fact  the  continuous  experi- 
ments of  the  Eastern  Telegraph  Company  have  shown  practically  it 
can  be  applied  to  submarine  lines,  and  the  practical  result  will  bo 
that  it  will  not  only  double,  but  more  than  double,  the  sending- 
power  of  the  line. 

Mr.  Culley  :  No  doubt  the  system  is  a  perfect  success  on  dis- 
tances up  to  200  miles ;  but  our  climate  is  so  capricious  and  bad 
for  telegraphy  that  I  experience  occasionally  a  difficulty  in  working 
distances  of  400  miles.  Up  to  300  miles  there  may  be  little  or  no 
difficulty,  but  beyond  that  there  are  difficulties  on  exceptionally 
unfavourable  days,  and  they  may  perhaps  amount  in  the  aggre- 
gate to  a  couple  of  weeks  in  the  year,  that  is  to  say,  14  days  out 
of  the  365 ;  but  probably  before  another  year  is  over  we  shall  have 
overcome  that  difficulty. 

The  President  :  If  no  other  Member  has  any  remarks  to  make, 
I  will,  before  we  thank  Mr.  Culley  for  his  paper,  ask  permission 
to  say  a  few  words,  and  they  shall  be  very  brief.  I  have  listened 
with  great  interest  to  the  account  which  Mr.  Culley  has  given  of 
the  successful  introduction  of  the  duplex  system.  Mr.  Stearns's 
method  contains  one  element  in  addition,  not  previously,  so  far  as 
I  know,  published,  for  working  on  the  duplex  system.  Mr.  Culloy 
has  explained  the  introduction  of  the  condensers,  and  I  believe  wo 
may  quite  understand  it  is  this  point  which  has  rendered  the  duplex 
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system  practicable  in  tlio  more  considerable  lengths  on  which  it 
has  recently  been  tried  witli  success.  This  is  an  essential  point  no 
doubt.  So  far  as  the  general  principle  of  the  introduction  of  the 
condenser  is  concerned,  it  is  a  rudimentary  development  of  a 
method  long  known  for  the  direct  working  of  submarine  telegraphs. 
Tliat  consists  in  the  application  of  a  complete  model  of  the  sub- 
marine cable  in  connection  witli  the  rheostat  resistance  at  the 
sending  end.  The  conditions  which  have  been  explained  by  Mr. 
Culley  require,  tliat,  when  the  operator  places  his  key,  precisely  the 
same  effect  shall  be  produced  in  the  secondary  or  adjustment  line 
as  is  produced  in  the  main  line ;  I  mean,  precisely  the  same  current 
should  run  tlu'ough  the  key  into  the  secondary  line  as  into  the 
primary  line.  To  make  sure  that  not  only  shall  tlie  whole  amount 
of  the  current  be  the  same,  but  that  it  shall  commence  at  the  same 
moment,  rise  with  the  same  rate  of  augmentation,  and  come  to 
nothing  again  at  the  same  rate — in  short,  in  order  that  the  power 
represented  by  one  current  shall  be  the  same  as  tliat  through  the 
other  side — a  complete  imitation,  or  model,  so  to  speak,  of  the  main 
line,  in  the  adjustment  arrangements,  must  be  made.  When  I  say 
equality  is  necessary,  I  ought  to  correct  that,  and  say,  proportion- 
ality would  suffice,  but  equality  was  the  most  convenient  system. 
Some  of  the  old  methods  consisted  in  giving  proportional  currents 
— currents  which,  though  not  equal  in  the  two  branches,  bear  a 
definite  proportion  one  to  the  other,  and  the  same  with  reference 
to  the  refinement  of  producing  an  artificial  submarine  line  in  the 
adjustment  arrangements.  The  idea  of  getting  a  perfect  balance 
by  Varley's  artificial  line  has  long  been  known,  but  whether  it  is 
actually  valuable  or  not  I  am  not  prepared  to  say.  I  make  that 
remark  not  at  all  with  a  view  to  take  anything  from  the  great  credit 
due  to  Mr.  Stearns  for  having  introduced  the  one  thing  to  make 
duplex  telegraphy  practicable. 

With  referenco  to  successful  duplex  telegraphy  in  submarine 
lines,  this  has  been  solved  for  the  first  time  by  Mr.  do  Saute  on 
the  lino  between  Malta,  Gibraltar,  and  Lisbon,  and  tlie  result  was 
certainly  vciy  striking  and  interesting.  You  have  read  the  aecoimt 
of  those  experiments  which  has  appeared  in  the  Society's  Journal, 
and  will  recognise  the  more  complete  working  out  of  the  thing 
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which  is  essential  to  give  success  to  duplex  working,  in  comparison 
with  the  rudimentary  use  of  the  condenser  which  Mr.  Steams  has 
made  so  successful  in  the  case  of  land  lines.  There  are,  however, 
two  characteristic  difficulties  of  the  two  applications — the  one 
aflFecting  land  lines,  and  the  other  not  spoken  much  of  as  affecting 
submarine  lines.  The  frequently  and  often  rapidly  varying  insula- 
tion on  land  lines  renders  it  difficult  to  keep  the  adjustment  correct, 
to  change  it  quick  enough,  and  make  the  adjustment  frequent 
enough  to  allow  the  action  to  go  on  notwithstanding  this  variation 
of  insulation.  On  the  other  hand,  in  submarine  lines,  on  good 
Unes,  there  is  perfect  insulation ;  and  further,  the  balance  required 
for  a  submarine  line  is  very  much  finer  than  what  is  required  for  a 
land  line.  The  difference  between  the  strengtli  of  current  going 
into  the  line  from  the  sender's  instrument  and  tlie  exceeding 
attenuated  changes  of  strength  which  occur,  by  which  alone  the 
messages  are  read  off  in  long  submarine  lines,  presents  to  us  evi- 
lences  of  very  great  difficulty,  so  far  as  duplex  working  is  con- 
emed.  It  is  therefore  greatly  to  the  credit  of  the  operators  on  the 
Eastern  line  that  they  have  succeeded  so  well  as  they  did  in  the 
xperiments  referred  to. 

Any  amount  of  adjustment  to  be  practically  perfect  in  the 
vorking  of  die  duplex  system  on  long  lines  can  only  be 
tnswered  by  actual  working.  The  theory  is  obvious  enough, 
)ut  the  practice  is  difficult,  even  on  so  short  a  line  as  that  between 
jribraltar  and  Lisbon ;  and  that  has  fixed  the  attention  of  Mr. 
le  Saute  and  his  colleagues  there.  It  is  an  interesting  point, 
md  I  hope  that  they  will  not  flag  in  their  efforts,  but  that  they 
will  find  out  what  can  be  done  on  the  longer  lines,  and  show 
at  what  rate  of  signalling  the  duplex  system  can  be  worked 
on  the  longer  submarine  lines.  If  the  lines  could  only  be  worked 
slow  enough,  the  signals  are  those  of  a  perfectly  insulated  land 
line,  and  therefore  what  can  be  done  on  a  land  line  can  be 
done  with  greater  assurance  on  a  submarine  line  if  speed  is  not 
an  object.  But  the  great  object  is  to  increase  the  speed  of  the 
lines.  If,  on  the  other  hand,  the  adjustment  can  be  made  success- 
ful for  submarine  lines  of  great  length,  working  at  something  more 
than  half  the  speed  at  which  it  can  be  usefully  worked  on  the 
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single  system  will  be  useful.  As  Mr.  Culley  has  pointed  out,  it 
more  than  doubles  the  speed,  from  not  having  to  wait  for  clearing 
out  the  line,  and  never  interrupting  the  sender  at  the  other  end. 
That  is  the  practical  view  of  the  subject,  and  for  the  solution  of  the 
question  we  must  look  to  the  operators  on  the  great  submarine 
lines ;  and  I  hope  before  long  we  shall  have  further  information 
upon  it.  I  beg  to  tender  the  thanks  of  the  meeting  to  Mr.  Culley 
for  the  valuable  communication  he  has  given  to  us  this  evening. 

You  will  recollect  we  announced  the  business  to-night  with  the 
continuation  of  the  discussion  on  underground  telegraphs.  I  had 
not  the  pleasure  of  being  present  when  the  paper  was  read,  but  I 
am  sure  it  is  om*  duty  as  well  as  pleasure  to  give  a  vote  of  thanks 
to  Mr.  G.  E.  Preece  for  the  paper  on  that  subject,  which  he  was 
good  enough  to  read  on  a  former  occasion. 

Mr.  Latimer  Clark  :  I  have  great  pleasure  in  seconding  the 
proposition  of  the  President.  I  was  absent  when  the  paper  was 
brought  forward,  but  I  read  it  at  home  with  much  interest,  and  we 
are  much  indebted  to  Mr.  G.  Preece  for  writing  it.  The  great  value 
of  a  paper  of  that  kind  is  not  so  much  what  it  teaches  as  what  it 
suggests.  I  hope  it  will  set  all  the  Members  thinking,  and  trying 
to  introduce  some  improvement  in  the  art  of  laying  wires  imdcr- 
ground.  Any  one  who  looks  at  our  railways  with  posts  on  botli 
sides,  carrying  a  heavier  burden  of  wires  than  is  safe  for  them  to 
do,  and  any  one  who  considers  the  wonderful  increase  and  growth 
of  the  telegraph  business  of  the  country,  the  magnitude  it  has 
attained,  and  the  development  we  may  expect  hereafter,  must  sec 
that,  unless  those  instrumental  improvements  such  as  we  have  been 
discussing  to-night,  or  some  other  means  of  sending  messages 
quicker,  are  adopted,  we  shall  soon  find  ourselves  with  more  busi- 
ness than  the  wires  can  carry,  with  no  more  places  to  put  frcsli 
wires.  Therefore,  it  is  a  matter  of  great  importance,  and  it  is  the 
.  duty  of  Members  to  study  carefully,  the  best  means  of  laying  a  great 
number  of  subterranean  wires  in  a  safe  and  permanent  manner.  I 
have  been  surprised  to  find  how  little  discussion  there  has  been  on 
the  subject  I  have  been  surprised  that  Members  of  great  manu- 
facturing firms  and  companies  have  not  spoken  upon  it,  for  their 
interest  in  the  subject  must  be  very  deep  indeed.     I  agree  with  my 
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friend,  who  said  he  trusted  wo  should  have  another  paper  on  tliis 
subject,  and  I  hope  when  that  is  done  it  will  be  more  fully  dis- 
cussed. 


The  following  candidates  were  balloted  for,  and  declared  duly 
elected :— ^ 


A.  R.  Granville  .    .    . 
W.  A.  Newnham  .    .    . 

WlLLL^M  MORKISON    .      . 


C,  H.  Phillips 


•    •    • 


As  Associates. 

Bamsburv. 

Indo-European  Government  Tele- 
graphs, Persian  Gulf. 

Post  Office  Telegraphs,  General  Post 
Office. 

As  a  Student 
Victoria  Park. 


The  meeting  then  adjourned. 
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The  Twenty-second  Ordinary  General  Meeting  was  held  on  Wed- 
nesday, 11th  February,  1874,  Dr.  C.  W.  Siemens,  F.R.S., 
Past  President,  in  the  Chair. 


The  following  paper  was  read  by 

Mr.  Nath.  J.  Holmes 


ON 


"  THE  APPLICATION  OF   ELECTRICITY  AS  A  MEANS  OF 
DEFENCE  IN  NAVAL  AND  MILITARY  WARFARE." 

The  importance  of  a  well-constituted  system  of  electric  torpedo 
mines,  as  a  means  of  defence  against  the  approach  of  an  enemy 
by  sea  or  by  land,  is  now  recognised  by  most  governments. 

When  properly  constructed  and  laid  down,  and  placed  in  the 
hands  of  skilful  operators,  rifled  guns  and  armour-plated  vessels 
should  be  powerless  for  attack  against  the  destructive  efiPects  of  the 
electric  torpedo  defence. 

Li  the  report  of  the  Secretary  of  the  United  States  Navy, 
published  as  far  back  as  December  1865,  when  the  torpedo  system 
was  only  in  its  infancy,  and  manipulated  by  the  Confederate 
engineers  under  every  possible  disadvantage,  it  is  stated  "  that 
when  the  United  States  fleet  attacked  and  passed  the  forts  erected 
for  tlie  sea  defences  of  Mobile  and  of  Wilmington,  mounting 
together  nearly  six  hundred  guns,  many  rifled  and  of  the  heaviest 
calibre,  the  only  vessels  lost  by  the  United  States  Grovernmdnt  in 
both  these  attacks — and  the  shore  batteries  of  the  Confederates 
were  splendidly  served — were  destroyed  by  electric  torpedoes,  which, 
always  formidable  in  harbours  and  internal  waters,  have  proved 
more  destructive  to  our  naval  vessels  than  all  other  means 
combined,'*^ 

Too  much  attention  cannot  therefore  be  directed  to  the  perfect 
development  of  this  comparatively  new  system  of  warfare,  com- 
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billing,  as  it  does,  economy  in  cost,  efficiency  in  action,  safety  in 
working,  security  in  defence,  and  devastation  in  effect. 

The  experience  resulting  from  a  study  of  tlio  tactics  of  attack 
and  defence  during  recent  wars  demonstrates  tliat  perfection  in 
the  mechanical  appliances  for  the  attack,  or  the  defence,  is  equi- 
valent to  the  effective  strength  of  numerical  numbers  in  the 
advantage  gained  over  the  enemy ;  and,  as  mechanical  appliances 
can  be  obtained  at  a  less  cost  than  the  maintenance  of  a  standing 
reserve,  the  defence  of  a  kingdom  resolves  itself  in  great  part  to 
the  establishment  of  properly  applied  scientific  systems,  controlled 
by  intelligent  operators,  as  against  the  too  often  lavish  expenditure 
of  revenue  in  the  construction  of  unwieldy  armaments  of  guns  and 
armour-plated  ships  competing  for  mastery  in  the  never-ending 
contest  that  the  increased  strength  and  power  of  each  continually 
provokes,  without  any  very  definite  notion  as  to  whether  the 
balance  of  power  remains  in  favour  of  the  rifled  gun  or  iron-clad. 

With  the  electric  torpedo  this  competition  ceases.  Simple  in  its 
construction  and  action,  called  upon  to  expend  its  power  upon  the 
enemy  without  reciprocal  challenge,  tlie  most  powerftil  Monitor  or 
armour-plated  ship  ever  constructed  easily  falls  a  prey  to  its  deadly 
embrace.  At  the  cost  of  a  few  thousand  pounds  the  strongest 
ship  with  its  heavy  guns  and  gallant  crew,  fitted  out  at  a  cost  of 
hundreds  of  thousands  of  pounds,  becomes  comparatively  inopera- 
tive for  the  attack ;  half-a-dozen  men  in  control  of  the  torpedo 
mines  can  effectually  keep  at  bay  both  an  army  and  a  fleet,  and 
at  will,  should  either  encroach  within  range  of  tlieir  '^  area  of 
destruction,"  annihilate  in  a  few  seconds  the  advancing  foe,  who, 
if  not  totally  destroyed,  will  bo  at  least  fatally  crippled. 

One  illustration  of  the  effective  power  of  a  well-planned  torpedo 
mine  will  serve  to  demonstrate  the  value  of  this  defence. 

During  the  American  civil  war  the  important  defence  of  the 
water  approach  to  Richmond  was  intrusted  to  a  single  electric 
torpedo  mine  sunk  in  tlie  channel-way  of  James  River.  This 
mine,  of  considerable  power,  was  under  the  control  of  an  officer, 
who,  stationed  on  one  of  the  river  banks,  watched,  from  the  sand- 
pit w^here  he  lay  concealed,  the  approach  of  the  enemy.  A  smgle 
stake  planted  upon  the  oj)posite  bank  served  to  indicate — by  the 
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passing  vessel  being  in  a  line  with  his  station  and  the  stake — the 
exact  moment  when  she  would  be  within  the  area  of  destruction. 
With  the  patience  of  a  spider  watching  for  its  victim,  so  for 
thirteen  months  did  this  officer  remain  waiting  for  tlie  opportunity 
to  explode  the  mine  with  effect.  At  length  the  Federal  fleet,  under 
command  of  Commodore  Lee,  entered  the  James  River  —  the 
Commodore's  vessel  being  the  third  in  the  advancing  rank. 

The  foremost  vessel,  carrying  seven  guns,  and  manned  with  a 
picked  crew  of  one  hundred  and  twenty-seven  men,  was  allowed  to 
pass  over  the  mine  in  safety — it  being  by  arrangement  held  in  reserve 
for  the  Commodore's  ship — ^when  the  order  having  been  passed  from 
the  deck  of  the  next  vessel,  and  audible  on  the  shore,  for  her 
to  fall  back  and  drag  for  torpedo  wires,  the  officer  determined  to 
explode  his  mine,  and  ^^  hoist "  her  as  she  descended  the  stream. 
The  explosion  took  place  upon  a  clear  afternoon,  and  was  witnessed 
by  several  persons ;  the  hull  of  the  vessel  was  visibly  lifted  out  of 
the  water,  her  boilers  exploded,  tlie  smoke-stacks  carried  away, 
and  the  crew  projected  into  tlio  air  with  great  velocity  ;  out  of  the 
hundred  and  twenty-seven  men  only  three  escai)ed  alive  —  the 
vessel  was  literally  blown  to  atoms,  or,  using  the  American  phrase, 
into  *'  toothpicks." 

The  awfully  sudden  and  unexpected  destruction  of  this  vessel 
paralyzed  the  operations  of  the  Federal  fleet  for  a  time,  and  Rich- 
mond was  saved;  Commodore  Lee,  declining  to  advance,  sunk 
several  of  his  ships  blocking  up  the  channel-way.  This  obstruc- 
tion afterwards,  on  the  advance  of  General  Butler,  gave  rise  to  tlie 
cutting  of  the  "  Dutch  Gap  "  canal,  now  a  matter  of  history. 

Destructive  as  are  the  effects  of  torpedo  explosions,  there  is 
little  room  to  doubt  that  the  introduction  of  science  into  naval  and 
military  tactics  exercises  a  most  wholesome  effect  on  the  moral 
physique  of  the  men,  accelerating  the  termination  of  a  war,  and  is 
also  a  deterring  element  in  the  political  exigencies  which  would 
hasten  such  a  conflict  What  admiral  would  willingly  lead  his 
fleet  into  waters  known  to  be  infested  with  deadly  volcanoes  from 
wliich  there  is  no  escape,  any  explosion  being  synonymous  with 
certain  destruction  ?  What  general  would  march  his  army  over 
ground  suspected  of  being  mined  in  all  directions  with  treacherous 
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pitfalls  mathematically  laid  down  and  concealed  under  cover  of 
verdant  pastures  and  a  smiling  landscape,  in  each  case  devised  to 
explode  only  when  the  advancing  foe  is  within  their  fatal  grasp  ? 

Whenever  electric  torpedoes  are  employed  as  a  means  of  defence 
against  attack,  it  is  essential  that  the  system  used  should  be  mani- 
pulated with  accuracy  and  security,  and  that  neither  danger  to  the 
operator,  or  failure  in  the  mechanical  effect  of  the  ignition,  should 
attend  the  discharge  of  the  mine  when  the  defence  has  been  pro- 
perly constructed  and  carried  out 

To  render  any  system  of  electric  torpedo  defence  practically  useful 
and  reliable,  it  must  be  under  the  perfect  control  of  the  officers  and 
men  using  that  system,  and  who  rely  upon  the  destructive  effect  of 
the  torpedo  for  the  protection  of  their  position,  in  place  of  guns  and 
armour-plated  ships. 

The  torpedo  to  be  used  as  a  defence  in  warfare  must  be  reduced 
to  a  system  defined  in  its  principles  and  practical  in  its  applica- 
tions; and,  like  the  practice  of  gunnery,  become  a  recognised 
branch  of  military  and  naval  instruction. 

It  is  likewise  necessary  that  the  electrical  arrangements  shall 
ensure  the  ignition  of  the  torpedoes  by  land  and  sea  at  distances 
exceeding  that  of  the  effective  range  of  cannon,  and  that  when 
necessary  more  than  one  mine  shall  bo  exploded  in  group  simul- 
taneously on  the  same  circuit. 

The  following  points  may  therefore  be  enumerated,  as  the  essen- 
tial conditions  of  a  torpedo  system  of  defence : 

First. — The  torpedoes  in  themselves  must  bo  non-explosive  and 
harmless,  not  liable  to  accidental  discharge  by  percussion  or  care- 
lessness. 

Second. — ^The  power  of  testing  at  all  times  the  submarine  or  land 
circuits  of  the  torpedoes  without  danger  of  explosion,  and  of  speak- 
ing and  telegraphing  information  and  instructions  through  the 
charge  without  risk. 

Third. — The  power  of  igniting  tlie  mines  at  will,  and  of  dis- 
charging several  torpedoes  in  group  with  a  single  wire,  at  distances 
exceeding  that  of  the  effective  range  of  aiiillery,  and  that  the  ex- 
plosions shall  only  take  place  when  the  vessel  or  vessels  to  bo 
destroyed  are  within  the  area  of  destruction. 

c2 
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Fourth. — The  power  of  discharging  the  mines,  even  should  the 
enemy  succeed  in  breaking  one  of  the  conducting  wires,  and  of 
preventing  the  explosion  of  the  mine  by  the  enemy. 

Every  torpedo  in  its  complete  form  consists  of  tlu'ee  parts  :  the 
igniter,  the  charge,  and  the  torpedo  case  or  tank,  together  with  the 
necessary  internal  and  external  arrangement  of  electric  connections 
and  conductors,  giving  the  operator  the  entire  control  of  the  mine. 
The  destructive  power  of  both  the  land  and  sea  torpedo  will  of 
necessity  depend  upon  the  amount  of  powder  or  charge  placed 
within  the  mine,  the  conditions  of  the  attack,  tlie  effect  to  be  pro- 
duced, and  proper  attention  to  the  various  important  details  con- 
nected with  the  electric  circuits,  laying  down,  testing,  and  ignition 
of  the  mine.  When  the  necessary  precautions  are  observed  in 
connection  with  these  details,  all  danger  of  involuntary  explosion  is 
removed,  and  accidents  become  impossible  even  in  the  hands  of 
inexperienced  officers. 

The  power  of  testing  the  effective  condition  of  the  circuits  and 
connections  within  the  torpedoes,  and  of  speaking  through  the 
mines  without  danger  of  ignition,  so  as  to  maintain  telegraphic 
communications  between  the  several  outlying  stations  and  tlie 
centre  of  action,  constitutes  one  of  the  important  features  of  the 
Holmes  and  Maury  system,  developed  by  them  in  1863  during  the 
civil  war  in  America,  and  one  which  has  more  than  any  otlier  con- 
tributed to  inspire  that  confidence  in  the  submarine  and  subter- 
ranean torpedo  which  the  value  of  tlie  invention  demands. 

Tlie  importance  of  tliis  result  cannot  be  over-estimated  when 
the  value  of  the  telegraphic  communication  in  active  service  is 
considered. 

The  experience  of  the  victories  by  the  Prussian  armies  in 
Bohemia  points  to  the  great  importance  of  maintaining  telegraphic 
communication  between  the  outposts,  stations,  and  out-lying  divi- 
sions of  the  army  in  regulating  the  successful  issue  of  their  military 
manoeuvres,  and  the  same  rule  applies  equally  to  naval  tactics. 

For  instance,  let  it  be  supposed  that  the  enemy's  fleet  is  advanc- 
ing up  channel;  with  this  system  orders  could  be  immediately 
transmitted  from  A  Station  to  B  Station,  directing  attention  to 
Buch  and  such  group  of  mines,  under   certain  instructions  to   be 
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given  during  the  progress  of  the  attack,  or  the  emergencies  of  the 
moment;  and  the  transmission  of  such  intelligence,  while  it 
places  the  whole  field  under  the  control  of  the  commanding  officers, 
at  the  same  time  points  out  the  integrity  of  the  several  electric 
circuits. 

The  recent  Franco-Prussian  War  likewise  affords  a  very  instruc- 
tive example,  illustrative  of  the  inefficiency  of  a  divided  attack  or 
defence  in  the  absence  of  special  telegraphic  communication. 

The  well-appointed  and  expensively  maintained  French  naval 
force  sent  to  the  Baltic,  to  carry  out  concerted  operations  by  land 
and  sea,  to  effect  a  diversion  in  favour  of  a  land  attack  upon  the 
enemy,  was  practically  useless  and  inoperative,  from  the  absence  of 
telegraphic  communication  from  head-quarters  directing  the  man- 
cEUvres  and  organising  the  diversion ;  thus  a  most  valuable  oppor- 
tunity for  an  effective  land  attack  along  the  Prussian  frontier, 
coincident  with  a  naval  engagement  off  tlie  southern  shore  of  the 
Baltic,  of  immense  importance  to  France  at  that  critical  time, 
was  absolutely  and  entirely  lost,  and  all  joint  and  reciprocal  action 
between  the  French  army  and  naval  forces  completely  frustrated. 

The  ignition  of  the  electrical  mine  has  next  to  bo  considered,  and 
upon  the  certainty  and  accuracy  of  this  operation  depends  en- 
tirely the  value  of  the  torpedo  as  a  means  of  defence ;  delay  or 
doubt  for  a  moment  upon  this  point  might  prove  fatal  to  the  pros- 
pects of  victory. 

The  importance  of  this  accuracy  and  precision  of  ignition  at  sea 
will  be  understood  by  calculating  the  length  of  time  the  enemy 
remains  in  the  line  of  vision.  A  vessel  steaming,  say  at  the  rate 
of  nine  knots  an  hour,  will  move  through  tlie  water  at  the  rate  of 
18  feet  per  second,  and,  supposing  her  length  to  be  300  feet,  she 
will  remain  in  position  to  receive  the  effects  of  the  blow  only  six- 
teen seconds,  scarcely  a  quarter  of  a  minute. 

These  several  points  being  well  considered,  that  necessary  con- 
trol and  security  are  obtained  in  the  manipulation  of  the  electric 
torpedo,  so  essential  to  render  it  a  safe  and  reUable  defence,  and 
one  of  the  most  deadly  and  destructive  engines  of  modern  warfare 
that  the  inventive  mind  of  man  has  as  yet  devised. 

Thus  one  of  the  essential  conditions  of  ^very  torpedo  defence  is^ 
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that  when  called  into  action  it  shall  fulfil  the  objects  for  which  it  was 
designed,  whether  this  be  as  a  defence  against  attack  by  land  or  by 
sea,  either  singly  or  in  conjunction  with  that  of  heavy  artillery. 

It  becomes  therefore  a  matter  of  vast  importance  to  carefully 
investigate  the  conditions  under  which  the  defence  is  established ; 
if  by  sea,  the  nature  of  the  bottom  on  or  over  which  the  mines  are 
to  be  placed — the  depth  of  water,  the  set  of  the  tides  and  currents, 
and  the  strategical  positions  to  be  defended.  If  by  land,  the 
probable  nature  of  the  enemy's  attack  and  advance  requires  con- 
sideration, and  the  successive  positions  to  be  maintained. 

In  every  system  of  electric  defence,  the  attention  and  considera- 
tion of  the  torpedo  engineer  should  first  be  directed  to  obtain  an 
accurate  knowledge  of  the  ground,  whether  rock,  sand,  or  mud, — 
the  currents,  depth  of  water,  and  rise  and  fall  of  the  tide  over  the 
area  in  which  it  is  intended  to  carry  out  a  torpedo  system. 

The  importance  of  ascertaining  the  nature  of  the  bottom  is  at 
once  apparent,  for,  if  found  to  be  rocky,  special  arrangements  must 
be  carried  out  to  secure  the  immoveability  of  the 'mine  in  the 
position  originally  assigned  to  it,  any  deviation  by  reason  o 
currents  dragging  over  the  bottom  being  absolutely  fatal  to  the 
effective  discharge  of  the  mine  for  destructive  purposes.  Again,  i 
the  bottom  is  sandy,  then  careful  investigation  requires  to  be  made 
as  to  the  stability  of  the  sand ;  should  it  prove  to  be  of  a  shifting 
nature,  every  precaution  must  be  taken  to  properly  calculate  the 
strength  of  the  conductors  so  as  to  prevent  breakage  by  undue 
pressure,  either  by  the  wires  being  silted  over,  or  by  being  under- 
swept  by  the  action  of  the  current,  and  exposed  to  an  unequal 
strain.  Again,  if  the  bed  of  the  ocean  or  river  should  prove  to  be 
of  a  yielding  nature,  such  as  mud,  the  mine  might  become  buried, 
and  the  calculations  as  regai'ds  the  efiective  force  of  the  explosion 
be  materially  diminished  in  relation  to  the  column  of  water  between 
the  mine  and  the  object  of  attack. 

It  must  be  borne  in  mind  that  these  points  are  essential  in  every 
system,  as  torpedo  mines  may  be  months  submerged  before  called— - 
into  action.     Such  was  the  case  with  the  James  River  mine,  whicb^ 
lay  thirteen  months  in  the  bed  of  the  river  before  called  upon  ixm 
display  its  destructive  properties. 


1874.]  IN  NAVAL  AND  MILITARY  WARFARE.  39 

Again,  a  carefiil  estimate  of  the  strength  and  direction  of  the 
surfaee-corrents   and   tides   is   equally  essential,   because  in  dis- 
charging a  mine  calculation  has  to  be  made  for  the  swiftness  of 
the  motion  of  the  vessel.     When  only  seconds  are  allowed  for  the 
"effective  shot,"  it  is  certainly  a  matter  of  moment  for  the  operator 
to  be  well  informed  of  her  velocity,  moving  either  with  or  against 
stream.     The  utmost   nicety  of  calculation   and   manipulation  is 
required  to  insure  an  accurate  and   "  decisive "   explosion.     No 
gunner  in  command  of  a  battery  can  expect  to  aim  with  accuracy 
Unless  he  has  a  practical  acquaintance  with  the  principles  which 
regulate  the  flight  of  projectiles.     Constant  practice  alone  enables 
him  to  obtain  the  command  of  his  gun  at  the  distances  at  which  ho 
is  called  upon  to  operate.    So  with  the  torpedo  mine,  practice  alone 
cam  impart  to  the  engineer  the  necessary  confidence  in  the  conditions 
OLuder  which  the  ignition  is  required  to  take  place.     With  the  gun 
the  action  of  the  wind  upon  the  flight  of  the  projectile  in  relation  to 
the  strength  of  the  charge  enters  into  the  elements  of  the  calculation. 
With  the  torpedo  engineer  the  velocity  of  the  current  and  the  depth 
or  cushion  of  water  form  an  equally  important  feature  in  the  effective 
ixianipulation  of  the  mine.    The  depth  at  which  torpedo  mines  are 
submerged  below  the  sur&ce  is  again  of  vast  moment  in  relation 
t<^  the  strength  of  the  charge  and  bursting  power  of  the  case. 
^Water  being  for  all  practical  purposes  considered  as  incompressible 
ixi  every  direction,  it  becomes  evident  that  the  effective  action  of 
tilie  torpedo  mine  will  always  be  tliat  of  the  path  of  least  resistance, 
or,  in  other  words,  in  a  vertical  direction  ;  but  it  does  not  always 
follow  that  this  is  practically  the  case  should  the  power  of  the 
^ihargo  and  the  vis  inertia  of  the  resistance  be  improperly  calculated. 
It  is  on  record  that  Admiral  Chabannes,  when  trying  some  experi- 
^nents  with  submerged  electrical  mines  from  the  jetty  at  Toulon, 
€bund  that  the  effective  force  of  the  mine  was  convoyed  along  the 
ted  of  the  ocean,  and,  the  force  of  the  explosion  being  thus  transferred 
to  the  piles  of  the  jetty,  the  operating  party  on  the  pier  were 
knocked  down,  or  rather  hoisted  by  their  own  petard,  while  the 
surface  of  the  ocean,  and  the  "  area  of  destruction"  over  the  mine, 
remained  perfectly  tranquil  and  powerless  to  destroy  the  enemy 
supposed  to  be  in  position  over  it.     In  tliis  instance  the  strength 
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of  the  charge  in  relation  to  the  depth  of  water  or  resistance  to  be 
overcome  had  been  miscalculated  in  relation  to  the  conducting  or 
yibrating  power  of  the  bed  of  the  sea  upon  which  the  mine  was 
placed — its  distance  from  the  piles  of  the  jetty  had  not  been  pro- 
perly considered.  In  fact,  the  depth  of  water  being  too  great  for 
the  charge,  and  the  resistance  of  the  intervening  groimd  between 
the  mine  and  the  jetty  being  less,  the  effective  power  of  the  mine, 
taking  the  path  of  least  resistance,  found  vent  for  its  energy 
through  the  vibratory  motion  it  communicated  to  the  ground,  cul- 
minating in  the  discomfort  of  the  Admiral  and  his  party  assembled 
on  the  Toulon  jetty  to  witness  the  effect. 

The  foregoing  remarks  will  have  demonstrated  the  important 
part  electricity,  when  properly  applied,  is  destined  to  play  in 
future  naval  and  military  operations.  At  present  the  value  of  this 
system  of  defence  against  attack  is  scarcely  recognised ;  were  this 
so,  there  would  not  be  such  an  amount  of  money  expended  in  vain 
attempts  to  introduce  elaborate  mechanical  contrivances,  in  most 
instances  totally  unsuitable  for  active  service  in  heavy  sea-ways 
and  tides.  The  too  frequent  misapplication  of  inventive  genius  is 
much  to  be  lamented,  as  the  steady  advancement  of  an  established 
system  of  electric  defence  as  an  auxiliary  to  our  naval  and  military 
armaments  is  thereby  retarded.  It  is  only  necessary  to  refer  to 
the  ill  consequences  of  relying  on  mechanical  means  in  warfare  to 
show  that  these  remarks  are  well  founded. 

On  a  certain  day  during  the  American  civil  war  General  Grant 
had  planned  that  the  investment  of  Richmond  should  be  made. 

A  mechanical  mine  had  been  laid,  calculated  to  explode  at  a 
given  hour,  and  upon  the  springing  of  this  mine  the  assault  was 
arranged  to  take  place. 

This  mine  did  not  go  off  at  the  appointed  time,  and  the  assault 
did  not  take  place,  and  Richmond  was  saved.  Had  this  mine  been 
under  electrical  control  the  explosion  could  have  been  calculated  to 
the  precise  moment  when  General  Grant's  forces  were  in  readiness 
to  follow  up  the  attack.  The  uncertainty  of  the  ignition  of  this 
mechanical  mine,  which  did  not  take  place  until  some  hours  after- 
wards, frustrated  the  entire  operations  of  the  land  attack  intended 
to  have  been  carried  out  against  Richmond. 
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Another  most  instructive  lesson,  as  regards  the  employment  of 
mechanical  mines  in  warfare,  is  afforded  by  the  Prussian  defence  of 
the  mouth  of  the  Elbe,  in  the  recent  Franco-Prussian  war.  The 
navigation  of  this  river  was  closed  by  the  use  of  mechanical  tor- 
pedoes, and  closed  not  only  against  the  approach  of  the  enemy,  but 
also  against  the  entrance  of  their  own  ships,  and  the  lamentable  loss 
of  life  to  the  Prussian  engineers  in  the  manipulation  and  placing 
of  these  mines  is  of  too  recent  a  date  to  be  forgotten.  Not  only  were 
the  engineers  exposed  to  great  danger  in  the  handling  of  these 
mechanical  volcanoes,  but  at  the  termination  of  the  w^ar,  when  it 
became  necessary  to  remove  all  such  obstructions  to  navigation,  the 
frequent  recurrence  of  fatal  explosions  should  act  as  a  caution 
against  the  introduction  of  any  such  system  into  the  appliances  of 
modem  warfare. 

Not  only  may  every  mechanical  system  of  torpedo  defence,  either 
by  land  or  sea,  be  denounced  as  dangerous  to  the  officers  employed 
to  manipulate  the  same,  but  from  their  necessarily  uncertain  action 
liable  to  prove  most  disastrous  in  connection  with  any  organised  or 
concerted  system  of  land  or  sea  attack;  and  too  much  stress  cannot 
be  given  to  enunciate  the  importance  of  the  employment  of  the 
electrical  agent  in  all  our  naval  and  military  armaments,  wherever 
practicable,  over  the  introduction  of  mechanical  toys  that  at  prc^sent 
too  often  occupy  the  attention  of  naval  and  military  departments 
throughout  Europe. 

The  practical  application  of  the  electrical  agency  as  a  means  of 
defence  may  certainly  be  dated  from  1864,  the  period  of  tlie  recent 
civil  war  in  America  ;  and,  disastrous  as  its  application  was  to  the 
interests  of  the  United  States  fleet,  the  American  Government  have 
fully  recognised  the  electrical  agency  as  one  of  the  most  potent 
means  of  protecting  their  naval  and  military  stations  from  the 
approach  of  any  hostile  force. 

In  carrying  into  effect  the  laying  down  of  any  system  of  electric 
mines  for  a  defence  it  is  of  the  first  importance  to  observe  secrecy 
in  the  details  of  position  and  tlie  area  over  which  the  mines  are 
placed. 

The  demoralising  effect  produced  upon  Commodore  Lee's  fleet 
in  the  James  River  by  the  destruction  of  the  "  Commodore  Jones," 
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in  ignorance  of  the  extent  to  which  the  bed  of  the  river  had  been 
mined,  frustrated  the  advance  of  the  fleet  to  Riclimond.  Too  much 
stress  therefore  cannot  be  placed  upon  the  value  of  secret  service 
in  the  organisation  of  every  electrical  defence.  As  there  are 
various  systems  of  arrangement  and  detail  of  manipulation  in 
connection  with  the  circuits  and  mode  of  igniting  the  charge 
which  may  be  employed,  it  is  not  intended  in  this  paper  to  advo- 
cate any  special  method  ;  the  nature  of  the  channel,  tideway, 
depth  of  water,  sea-bottom,  and  land  approaches,  will  of  necessity 
to  a  certain  extent  regulate  and  suggest  to  the  torpedo  engineer 
the  means  best  calculated  to  ensure  successful  operations  against 
the  advance  of  the  enemy. 

It  is,  however,  within  the  purpose  of  this  paper  to  suggest  such 
a  system  as  may  generally  be  found  efficient.  To  insure  accuracy 
of  discharge  of  the  mine  at  the  precise  second  of  time  when  the 
enemy's  sliip  is  over  the  mine,  as  exemplified  by  the  diagram,  the 
concurrent  observation  of  two  stations  is  essential,  and  also  tlie 
establishment  of  a  base  line  of  communication  between  these 
points  of  surveillance. 
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DIAGRAM  OF  PORTSMOUTH. 


In  speaking  therefore  of  electric  warfare  in  this  paper  the  system 
is  regarded  in  the  light  of  an  established  national  defence,  auxiliary 
to   that  of  armour-plated  vessels   and   gun-boats,  rather   than  a 
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defence  of  an  impromptu  nature,  and  advocates  the  establishment 
of  permanent  torpedo  forts  and  fixed  shore  points  of  observation  as 
an  essential  condition  of  every  national  defence. 

In  illustration  of  this  principle  reference  may  be  made  to  the 
sea-approaches  to  Portsmouth  Harbour,  the  position  of  the  per- 
manent forts  by  land  and  sea,  and  the  nature  of  the  channel,  being, 
as  it  were,  specially  planned  by  nature  for  such  a  defence.  The 
base  line  of  operation  between  the  two  stations  A  and  B  {see 
dioffram),  an  essential  element  in  every  well-considered  system 
of  electrical  defence,  insures  telegraphic  communication  to  be 
maintained  at  all  times  between  the  two  forts  Monkton  and 
Cumberland. 

The  importance  of  this  base  line  of  operation  will  at  once  be 

understood  by  reference  to  an  advancing  foe.     It  is  not  by  the 

wholesale  destruction  of  an  enemy  that  victory  is  gained ;  a  judi- 

ci&us  coup,  a  well-planted  blow,  will  destroy  the  nerve  of  the  enemy. 

In  torpedo  warfare  we  have  so  far  no  precedent  but  that  of  the 

^American  Civil  War  of  1864.     Our  practice  and  experiments  are 

tlierefore  mere    fine-weather   illustrations  ;   the  stem  realities  of 

action  and  destruction  of  life  and  property,  consequent  upon  the 

introduction  of  this  system  into  modern  warfare,  are  so  far  spared 

our  country. 

Let  me  therefore  refer  once  more  to  the  water-defence  of  Bich- 
iiKiond :  one  torpedo  well  planted  sufficed  to  close  the  James  River 
"to  the  Federal  fleet ;  consequently,  with  an  advancing  enemy  over  a 
tiorpedo  way,  one  operation  skilfully  carried  out  may,  with  little 
expenditure  of  the  vitality  of  the  defence,  be  found  sufficient  to 
destroy  the  tactics  of  the  advancing  foe. 

Unlike  the  employment  of  artillery  in  warfare,  where  each  piece 
f^an  again  be  brought  to  the  front  after  successive  discharges,  a 
torpedo  mine  once  ignited  when  tlie  action  is  on,  and  non-effectual 
in  its  results,  may  be  considered  as  a  victory  gained  by  the  enemy ; 
tliat  position  is  lost  and  becomes  a  safe  standing-ground  in  the 
advance  for  the  attack.  It  is  tlierefore  apparent  that  every  pre- 
caution to  insure  accuracy  must  be  initiated  with  the  defence. 

The  accompanying  diagram  shows  in  elementary  outline  the 
system  to  be  observed  in  taking  concurrent  observations  from  the 
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several-base  line  positions.  The  angle  of  action  for  each  successive 
range  of  mines  having  been  marked  upon  the  vernier  at  the  time 
of  the  submergence  of  the  several  mines,  as  the  enemy's  vessel 
comes  into  line  at  each  station,  with  these  set  angles  of  observation, 
it  is  obvious  that  unless  by  concurrent  observation  at  two  stations 
the  enemy  is  in  position  for  destruction  with  both  stations  at  the 
same  moment  of  time  (wo  are  dealing  with  seconds),  no  explosion 
when  the  respective  circuits  are  closed  can  take  place,  as  there  will 
be  no  continuity.  If  the  explosion  does  take  place,  the  enemy, 
being  accurately  in  position  to  receive  the  effective  shot  of  the  water- 
cushion  intervening  between  the  mine  and  the  ship's  bottom,  is 
cither  anniliilated  or  fatally  crippled. 

The  field-view  tlirough  the  telescope  under  such  couditions  is 
illustrated  by  reference  to  the  following  diagram  : — 


Every  electric  system  of  defence  should  be  so  constituted,  that, 
should  the  enemy  escape  destruction  by  one  explosion,  he  will  be 
within  reach  of  the  area  of  destruction  of  the  next  series  as  ho 
advances,  each  successive  series  being  under  the  control  of  a  pro- 
perly organised  system  of  observation  and  concurrent  discliarge 
from  two  stations. 
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The  precise  manner  of  the  discharge  and  ignition  of  the  mines 
does  not  fall  within  the  scope  of  this  paper.    So  varied  are  the 
apparatus  and  mechanical  detail  of  manipulation  that  it  is  impos- 
sible here  to  enter  into  any  technical  description. 

It  IS  sufficient  to  call  attention  to  the  fact  that  the  use  of  chemical 
detonating  Aises^  wherever  the  mines  may  be  of  long  duration, 
stould  be  avoided  ;  time,  temperature,  and  electric  action  greatly 
effecting  the  integrity  of  the  chemical  detonator. 

Wherever  the  ignition  of  the  mine  can  be  effected  by  the  heat 

evolved  by  the  resistance  of  fine  platiniun  wire,  it  is  greatly  to  be 

I>ireferred,  as  certain  and  secure  in  its  action  at  all  times,  however 

iong  the  mine  may  have  remained  in  position.    It  is  on  record  tliat 

"tlie  virhole  of  the  chemical  fuses  sent  out  for  the  defence  of  Rich- 

xnond,  but  which  from  the  fall  of  Wilmington  and  Mobile  never 

r^eached   their  destination,   were  returned  to  this   country,   after 

l^nng  a  year  at  Havannah,  and  found  to  be  utterly  useless  for 

'Uie  purposes  for  which  they  had  been  originally  designed ;  not 

one  fuse  in  one  hundred  fulfilling  the  essential  condition  of  instan- 

ti^neous   ignition.       [I   place    a  few  of  these  fuses   on   the  table 

f  or  inspection.] 

Such  being  the  result  of  past  experience,  it  becomes  a  question 
"^vhether,  for  any  permanent  system  of  national  defence,  any  reli- 
^uice    can   be   placed  upon  chemical  dtetonators.     The    exhaustive 
experiments  made   at  Bowden  near  Manchester  in  1863  by  the 
Xate  Lieut.  M.  F.  Mamy  and  the  writer  of  this  paper,  with  refer- 
cjnee  to  the  effect  of  the  continued  action  of  weak  currents  of  elec- 
tancity  upon  the  sensitiveness  of  the  chemical  fuse,  were  conclusive 
sigainst  any  reliance  being  placed  upon  that  form  of  igniter  for  any 
permanent  system  of  electric  defence.     We  can  store  our  gun- 
powder without  detriment  from  year  to  year.     So  also  must  our 
electrical  defences  be  safe  from  deterioration,  even  though  years 
intervene  between  the  placing  and  the  discharge  of  the  mines. 
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DISCUSSION. 

The  Chairman:  A  very  important  subject  has  been  brought 
before  us,  and  one  which  I  have  no  doubt  will  elicit  a  good  dis- 
cussion. I  believe  there  are  many  gentlemen  here  who  are  con- 
versant with  the  details  of  the  subject,  and  I  will,  in  the  first 
instance,  call  upon  Professor  Abel  to  give  us  his  views  with  regard 
especially  to  fuses  and  other  points,  with  which  he  is  well 
acquainted. 

Professor  Abel  said  :  I  am  sure  we  have  all  listened  with  great 
interest  to  the  lucid  manner  in  which  Mr    Holmes  has  laid  before 
us  the  conditions  which  should  be  fulfilled  by  an  efficient  system  of 
torpedo  defence.     I  tliink  on  most  of  those  conditions  those  who 
have  given  attention  to  the  subject  will  be  agreed,  and  that  others 
will  agree  with  me  that  most  of  those  conditions  have  been  fully 
recognised  for  a  number  of  years  past  in  this  country,  in  the  patient 
endeavours  of  those  to  whom  the  task  has  been  entrusted  of  work- 
ing out  an  efficient  system  of  torpedo  defence.     From  the  very  first:— ^ 
time  that  attention  was  directed  to  this  subject  seriously,  viz., 
the  time  of  the  American  war,  it  was  at  once  fully  recognised  tha 
the  application  of  electricity  to  the  explosion  of  mines  should  fornix 
the  foundation  of  any  reliable  system  of  defence,  and  on  that  funda — 
mental  principle  the  systems  which  have  been  worked  out  in  this-* 
comitry  have  been  based.     At  the  same  time,  I  think,  and  I  believe  ^ 
others  will  think,  who  have  studied  tlie  strong  end,  the  points  of*^ 
electrical  defence,  that  mechanical  means  must  not  be  lost  sight  oV^ 
altogether.     Tliere  may  be  circumstances  and   conditions   under 
which  it  may  be  very  advantageous  to  apply  reliable  mechanical 
mines.     There  may  be,  for  example,  large  tracts  of  water  which  it 
is  almost  impossible  to  command  entirely  by  a  system  of  electrical 
mines,  and  a  portion  of  which  may  consist  of  sludlow  water,  through 
which  vessels  of  light  draught  may  have  access,  and  which  it  is 
possible  to  close  entirely  against  large  ships.     In  such  instances, 
good  reliable  mechanical  mines  which  can  bo  laid  down  with  safety, 
and  which  would  remain  efficient  for  a  long  period,  would  be 
invaluable ;  and  I  believe  such  mines,  if  they  do  not  already  exist, 
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^ill  be  perfected  within  a  short  period,  and  will  add  importantly 
X)  the  value  of  any  general  system  of  torpedo  defence  that  is  adopted 
n  this  or  other  countries. 

Mr.  Holmes  has  not  entered  into  the  details  of  any  particular 
system  of  defence,  or  electrical  arrangements.  I  can  quite  under- 
stand his  hesitation  in  so  doing,  for  the  subject,  though  a  new 
>ne,  is  a  vast  one,  and  it  is  difScult,  within  the  scope  of  a  paper, 
to  give  a  satisfactory  account  of  the  several  systems  which  have 
ilready  been  very  fairly  tried.  Mr.  Holmes,  however,  has  alluded 
to  one  portion  of  a  particular  system  of  electrical  firing,  and  that 
is  the  emplojrment  of  chemical  fuses,  as  he  called  them,  that 
is,  fuses  which  are  specially  intended  to  be  fired  by  currents 
of  high  tension.  We  have  already  had  considerable  experience 
in  the  application  of  these  fuses  to  the  explosion  of  both  land 
and  submarine  mines ;  and  there  is  no  doubt  a  great  amount  of 
buth  and  justice  in  what  Mr.  Holmes  says  with  regard  to  the 
lability  to  change  of  any  chemical  preparation — of  any  mixture  of 
liemical  powders,  however  permanent  and  stable  they  may  be  in 
heir  general  character.  This  liability  to  change  arises  not  so  much 
rom  a  want  of  stability  in  the  materials  themselves,  as  fix)m  the 
iflSculty  of  excluding  fi*om  a  fuse  as  constructed  till  very  recently 
he  access  of  moisture ;  and  access  of  a  small  portion  of  moisture  to 
ny  mixture  of  ingredients  such  as  an  oxydizing  agent,  and  with 
he  oxydizable  bodies  of  which  the  fuse  is  composed,  must,  in  time, 
anse  changes.  I  can  quite  understand  tliat  such  fuses  as  these 
vhich  Mr.  Holmes  has  put  on  the  table,  and  which  were  originally 
lesigned  for  the  firing  of  guns  for  proof  at  Woolwich,  and  for 
experiments  at  Shoeburyness,  would  not  stand  for  a  great  length  of 
ime  exposure  to  a  damp  atmosphere.  That  liability  to  change  has 
dready  been,  if  not  entirely  yet  to  a  great  extent,  removed  first  of 
all  by  improvements  in  the  construction  of  the  fuse,  whereby  the 
Bccess  of  moisture  to  the  interior  of  the  fuse  is  impeded  if  not 
prevented ;  and  secondly,  by  an  improvement  in  the  composition 
of  the  chemical  mixture  used  as  the  igniting  agent  in  the  fuse.  At 
the  same  time,  though,  I  would  state  my  conviction  that  the  system 
of  igniting  mines  electrically,  by  means  of  fine  wires,  possesses 
many  advantages ;  yet  in  some  respects,  in  my  opinion,  it  has  not 
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the  advantages  of  ^  system  of  firing  by  high  tension  fuse.  It 
would  be  impossible  to  go  into  the  comparative  merits  of  the  two 
systems.  It  would  be  beside  the  question  to-night  to  do  so,  but  I 
believe  the  ignition  by  means  of  wires  is  now  being  greatly  im- 
proved, and  that  we  shall  before  long  have  abundant  proof  as  to 
which  is  really  the  most  permanently  reliable  system  of  the  two.  I 
am  quite  sure,  as  regards  the  general  question,  the  merits  of  this 
particular  system  of  defence  could  not  have  been  more  fiilly  or 
more  ably  put  before  us  than  has  been  done  by  Mr.  Holmes  this 
evening. 

The  Chairman  :  I  should  like  to  ask  Professor  Abel  a  question 
with  regard  to  a  system  of  torpedo  which  is  both  mechanical  and 
electrical,  which  has  not  been  mentioned  in  the  paper  or  in  Pro- 
fessor Abel's  remarks.  This  was  a  system  of  combined  mechanical 
and  electrical  torpedoes  used  in  tlie  Adriatic  Sea  during  the  Italian 
war.  I  should  be  glad  to  hear  some  observations  on  that  combined 
system,  with  which,  no  doubt.  Professor  Abel  is  acquainted. 

Professor  Abel  :  I  believe  no  system  of  defence  by  torpedoes  in 
which  electricity  is  employed  would  ever  be  allowed  to  depend 
entirely  upon  arrangements  for  exploding  mines  by  judgments 
Such  arrangements  are  excellent,  but  they  should  always  be 
adopted  in  conjunction  with  other  systems.  The  system  in  which, 
after  all,  very  great,  if  not  the  greatest,  reliance  can  be  placed,  is 
no  doubt  the  system  to  which  the  Chairman  has  referred,  in  which 
mechanical  appliances  are  employed  as  the  means  of  establishing 
the  electric  currents,  or  completing  the  interrupted  electric  currents, 
in  consequence  of  which  operation  the  mine  is  exploded  at  the 
time  a  ship  passes  over  it  The  arrangement  to  which  the  Chair- 
man refers  is  that  of  Baron  Von  Ebner,  exhibited  at  the  Paris 
Exhibition,  and  it  was  a  very  ingenious  one  for  effecting  this 
object  It  was  a  mechanical  arrangement  so  devised  that  the 
collision  of  the  ship  with  the  mine,  or  with  the  arrangements  for 
firing  the  mine,  determines  its  explosion  at  a  considerable  depth 
below  the  surface  of  the  water. 

The  Chairman  ;  The  mine  battery  had  to  be  put  to  the  circuit, 
and  then  the  mechanical  contact  would  fire  the  mine  ;  but  neither 
process  alone  would  fire  it,  neither  the  contact  with  the  torpedo  by 
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the  ship,  nor  the  connection  with  the  battery  by  itself,  would  fire 
the  mine,  but  both  together  would  do  so. 

Professor  Abel  :  As  far  as  I  remember,  one  point  wliicli  the 
Baron  desired  to  avoid  was  the  possibility  of  a  fuse  being  in 
circuit  with  the  electric  cable  till  the  moment  it  was  to  be  exploded, 
and  this  was  in  order  to  avoid  the  accidental  explosion  of  mines, 
especially  in  climates  where  there  are  great  electrical  disturbances, 
or  explosions  in  consequence  of  the  current  induced  in  the  cable 
by  electrical  disturbances,  or  the  discharge  of  a  neighbouring  cable. 
The  arrangement  was  so  devised  that  the  ship  completed  the  firing 
circuit  at  the  moment  of  striking,  and  thus  brought  the  fuse  into 
circuit,  which  was  exploded.  There  are  other  arrangements  of  a 
comparatively  simple  character  for  accomplishing  the  same  or 
similar  ends,  and  the  contrivance  is  known  as  ^^  circuit  closers''  and 
"  circuit  breakers,"  and  is  an  indisputable  adjunct  in  the  operations 
by  submarine  lines. 

Mr.  Holmes  :  I  may  be  allowed  to  add,  that,  in  speaking  of 
mechanical  means  of  firing  as  objectional  in  the  torpedo  system  of 
defence,  I  had  reference  to  cases  in  which  torpedoes  remain  sub- 
merged for  a  long  time.  It  is  obvious  that  the  action  of  sea  water 
or  even  fresh  water  will  cause  incrustation  or  rust,  which  would 
render  any  mechanical  means  unreliable  should  the  torpedo  be  sub- 
merged for  several  months.  I  referred  to  tlie  case  of  the  James 
River,  where  the  mine  had  been  submerged  for  thirteen  months. 
There  is  no  doubt  that  during  warfare,  when  the  submergence 
would  be  only  for  short  periods,  the  introduction  of  mechanical 
mines  woidd  be  advantageous,  but  for  a  permanent  system  of 
defence  my  remarks  had  reference  simply  to  electrical  mines, 
))ccause  if  a  mechanical  mine  is  submerged  foi'  any  length  of  time 
incrustations  will  take  place  which  would  impair  its  efficiency. 

Captain  McEvoY  (United  States  Navy)  responding  to  the  Chair- 
man's invitation  said,  I  have  listened  with  a  great  deal  of  pleasure 
and  much  interest  to  the  paper  of  >Mr.  Holmes,  and  also  to  tlie 
remarks  of  Professor  Abel.  The  subject,  as  has  been  justly  re- 
marked, is  a  very  large  one,  and  one  which  will  not  allow  a  speaker 
on  any  short  occasion  to  go  into  details  in  reference  to  it  I  have 
myself  had  some  practical  experience  in  torpedo  warfare,  but  that 
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was  in  the  past ;  but  the  improvements  have  been  so  rapid  and  so 
radical  that  I  think  a  reference  to  that  period  will  scarcely  be  of 
any  interest  to  the  meeting.  The  improvements  in  electrical  tor- 
pedoes are,  I  consider,  quite  in  the  right  direction.  I  partly  agree 
with  Mr.  Holmes,  that  mechanical  torpedoes  should  not  be  entirely 
relied  upon,  and  I  also  agree  with  Professor  Abel  that  they  should 
not  be  entirely  dispensed  with.  For  instance,  I  think,  that,  where 
a  channel  is  defended  by  electric  torpedoes,  the  flank  should  be 
protected  by  a  mechanical  torpedo  of  some  sort,  particularly  when 
there  is  no  chance  of  laying  down  a  regular  system  of  electrical 
,  torpedoes,  where  torpedoes  would  be  of  immense  use.  Mr.  Holmes 
has  given  some  instances  with  regard  to  the  history  of  the  opera- 
tions against  Bichmond  and  Petersburgh,  in  which  I  personally 
participated  to  some  extent,  but  those  really  amount  to  very  little. 
He  has  paid  only  a  just  tribute  to  Captain  Maury,  who  was  one  of 
the  pioneers  of  the  system  of  electrical  torpedoes,  and  I  think 
Mr.  Holmes  has  done  him  no  more  than  justice,  and  I  believe  the 
torpedo  on  the  James  River  is  the  only  one  on  record  which 
destroyed  a  vessel  in  actual  warfare.  At  Mobile  there  were  no 
electrical  torpedoes.  At  Wilmington  a  few  were  brought  down, 
but  were  never  used.  I  had  charge  of  one  torpedo,  over  which  one 
of  the  largest  iron-clads  of  the  Federal  Government  lay  for  three 
hours,  and  all  my  efforts  were  made  to  explode  it,  but,  from  some 
defect  in  the  wire,  my  efibrts  were  in  vain,  owing,  as  it  is  believed, 
to  the  wire  leading  down  from  the  shore  into  the  water  having  been 
cut  by  the  wheels  of  an  ammunition  waggon.  This  fact  however 
was  not  known  at  the  time,  because  the  means  of  testing  electrical 
torpedoes  were  then  very  imperfect.  Had  that  feature  of  the  system 
been  as  perfect  as  it  is  now,  we  should  easily  have  ascertained  the 
cause  of  the  failure  before  the  attack  on  Fort  Sumter  was  begun. 
Had  that  torpedo  been  successful,  3,000  lbs.  of  gunpowder  would 
have  been  exploded  under  the  largest  ironclad  in  the  fleet,  and 
the  result  of  that  you  can  only  imagine.  I  saw  the  wreck  of 
"  The  Commodore  Jones "  the  next  day,  and  I  state  that  the 
account  Mr.  Holmes  has  given  is  quite  correct  as  to  the  state  of 
the  vessel.  I  can  add  nothing  more  now,  but,  perhaps,  on  a  future 
occasion  I  may  be  able  to  say  somotliing  farther  on  the  subject 
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The  further  discussion  of  the  paper  was  adjourned  to  the  next 
meeting. 


The  following  candidates  were  balloted  for  and  declared  duly 
elected : — 


As  Foreign  Members  : — 

Commandeur  G.  Pentasuglia 

Florence. 

Commandeur  H.  Pellegrino  . 

Florence. 

Chevalier  C.  Viale 

Florence. 

As  a  Member  : — 

Major  P.  H.  Scratchley,  RE. 

Woolwich. 

As  Associates  : — 

W.  B.  CUfford,  M.A.   . 

Harrow  Road. 

Arthur  Eraser 

Junior  St.  James's  Club. 

Oliver  Heaviside . 

Great  Northern    Telegraph 

Company,   Newcastle-on- 

Tyne. 

W.  Mays     .... 

North  Woolwich. 

W.  Sparrow 

Putney. 

T.  S.  Tnffield 

Woolwich. 

E.  M.  Webb        . 

Great  George  Street,  S.W. 

Herbert  Waters^  B.A. 

Osnaburgh  Street 

The  Meeting  then  adjourned. 
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The  Twenty-third  Ordinary  General  Meeting  was  held  on 
Wednesday,  the  25th  February,  Mr.  Latimer  Clark,  Vice- 
President,  in  the  Chair. 


The  following  communication  fipom  Don  Ramon  Pias  was 
read : — 

(Translation.) 

Geo.  £.  Freece,  Esq.  Santiago,  22  December,  1873. 

My  dear  Sir, — I  have  had  the  satisfaction  of  receiving  your 
letter  of  13  October.  Prom  it  I  learn  diat  the  Society  of  Telegraph 
Engineers  of  London  have  honoured  me  with  the  title  of  Local 
Honorary  Secretary  of  the  said  Society.  1  accept  so  honourable  a 
distinction,  and  I  will  co-operate,  as  far  as  my  part  is  concerned, 
to  duly  fiilfil  my  commission. 

Li  a  short  time  I  will  send  a  detailed  account  of  the  existing 
telegraph  lines  in  Chili,  the  materials  employed  upon  them,  the 
system  of  apparatus,  batteries,  &c.  adopted. 

At  present  I  will  allow  myself  to  make  a  few  humble  remarks 
on  the  subject  of  the  insulators  employed  both  in  Europe  and 
Cliili. 

Generally  they  are  of  zinc,  porcelain,  glass,  or  glazed  earthen- 
ware. 

Tlie  first  are  very  unsuitable,  especially  for  the  American 
Republics,  owing  to  the  heavy  cost  of  freight,  and  they  are  moreover 
too  heavy  for  placing  on  wooden  poles  and  for  the  linemen  to  carry 
with  them  to  replace  those  which  become  defective.  They  are, 
besides,  badly  insulated. 

Those  of  porcelain,  glass,  or  earthenware  are  very  weak,  and 
the  composition  employed  to  insulate  them  and  fasten  the  iron  hook 
conies  out  from  the  cup  without  the  latter  being  better  insulated 
than  the  former. 

In  my  opinion  the  insulator  should  be  of  thin  plates  of  wrought 
iron  with  the  inside  tube  of  porcelain  or  glass,  or  perhaps  of  ordi- 
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nary  earthenware.  This  tube  should  bo  4  to  5  inches  long  and  2 
in  circumference. 

The  hook  for  supporting  the  wire  should  be  2  inches  from  the 
extremity  of  the  cup,  and  terminate  in  two  small  hooks  in  which 
the  wire  may  be  twisted,  which  would  obviate  the  use  of  tension 
insulators  (winding  insulators),  for  all  the  insulators  in  this  form 
would  serve  for  tension  by  crossing  the  wire  upon  tliem,  which 
would  be  that  known  as  No.  8  or  9.  The  idea  is  not  mine ;  I  take 
it  from  a  sample  which  has  been  sent  me  from  the  United  States, 
which  has  the  defect  of  being  in  cast-iron  and  of  an  extraordinary 
weight;  if  m^e  with  wrought-iron  this  great  defect  would  be 
avoided. 

I  would  conclude  these  remarks  by  condemning  all  insulators 
which  are  fastened  to  the  poles  with  screws. 

The  model  which  I  send  to  the  Society  has  a  large  screw  joined 
to  the  insulator  8  or  10  inches  long,  so  that  its  fixing  is  not 
only  more  easy  but  more  solid,  and  separates  the  insulator  2  and 
4  inches  from  the  pole,  so  as  to  allow  4  or  more  lines  to  bo  placed 
on  each  side  of  the  pole  at  convenient  distances  apart. 

Would  that  gentlemen  so  able  as  those  who  form  the  Society 
might  resolve  this  question  in  the  sense  of  die  economy  and  solidity 
of  telegraph  lines.  If  such  an  important  improvement  were 
attained  the  telegraph  lines  of  the  new  world  would  multiply  a 
hundred  fold.   • 

Accept  my  respects,  and  be  good  enough  to  convey  the  ex- 
pression of  my  thanks  to  the  Council  and  President  of  the  Society 
of  Engineers  for  the  distinction  conferred  on 

Your  faithfrd  servant, 

Bamon  Pias. 


The  following  paper  was  then  read :— 
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MILITARY  TORPEDO  DEFENCES. 
Bt  Nathaniel  J.  Holmes. 

The  carrying  out  of  an  electrical  system  of  torpedo  mines  for 
land  defences  against  the  attack  or  approach  of  an  enemy  is  one  of 
much  greater  difficulty  than  the  protection  of  a  coast  by  similar 
means  by  sea.  Instead  of  the  facilities  i\hich  present  themselves 
in  the  submarine  defence,  by  the  easy  submergence  of  the  wires 
and  mines,  and  the  silence  of  the  trackless  water,  which  leaves  no 
trace  behind  to  point  out  to  the  enemy  the  position  of  the  sunken 
mine,  new  elements  come  into  play  when  dealing  with  earthworks, 
and  superincumbent  masses  of  a  yielding  and  elastic  nature,  that 
require  specially  devised  plans  and  a  distinct  system  of  operation. 
Although  with  submarine  defences  wires  may  sometimes  be  sub- 
merged in  the  teeth  of  the  enemy  under  cover  of  darkness,  it  is 
not  possible  successfully  to  mine  and  dig  trenches  in  the  fiioe  of  an 
advancing  foe.  Traces  of  such  operations,  however  carefully  carried 
out,  are  sure  to  be  discovered  by  the  enemy,  who  could  then  easily 
destroy  the  defence  by  cutting  the  wires  could  any  clue  be  obtained 
to  their  position.  In  the  Crimean  War  of  1854  the  Russians 
appear  to  have  devised  some  kind  of  electrical  mines  for  the 
defence  of  the  Malakoff  Tower,  as  in  digging  the  trenches  for  the 
assault  of  that  position  msulated  wires  were  found  and  cut  by  the 
English  officers,  and  it  is  well  known  that  Professor  Jacobi  at  that 
time  introduced  the  use  of  mechanical  torpedoes  as  a  part  of  the 
Russian  defence  in  the  Baltic  Sea  against  the  approach  of  the 
English  Fleet.  Fortunately  these  torpedoes  proved  to  be  utterly 
powerless  to  destroy  any  of  the  vessels  which  came  in  collision 
with  them.  So  with  the  mines  laid  down  at  the  Malakoff,  no 
effective  results  followed.  At  Richmond,  in  the  American  Civil 
War  in  1864,  mines  were  laid  for  the  defence  of  the  approaches  of 
that  ciiy,  but  never  sprung;  and  in  1871,  while  Paris  was  in  the 
hands  of  the  Commune,  electrical  mines  were  in  part  carried  out  in 
some  of  the  subways  imder  the  city,  but  fortunately  for  Paris 
removed  by  the  Government  troops  before  any  destructive  effects 
were  experienced.     With  the  exception,  therefore,  of  these  one  or 
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two  inoperative  examples,  tliere  exists  no  precedent  to  guide  tlie 
miKtary  engineer  in  the  construction  of  his  defence. 

With  sea  mines  in  naval  warfare  it  is  possible  in  twenty-four 
hours  to  establish  a  defence.  With  military  torpedo  defences  this 
is  not  possible;  every  position  occupied,  and  every  point  of  attack 
laid  down,  requires  to  be  covered  either  by  artillery  or  adjacent 
mines,  and  therefore  to  form  a  part  of  a  concerted  system.  Thus 
any  efficient  electrical  land  defence  should,  if  possible,  be  estab- 
lished before  an  enemy  is  in  the  field,  teach  successive  line  and 
system  of  "  advance  "  mines  trenched  out,  and  the  insulated  con- 
ductors brought  into  their  respective  centres  of  operation ;  the 
several  stations  fojr  concurrent  angular  observation  being  settled  and 
the  mines  placed  in  readiness  for  effective  discharge,  so  that  at  any 
moment  in  case  of  war  they  might  be  called  into  action. 

When  therefore  an  electric  system  is  to  be  employed  in  military 
tactics  as  an  auxiliary  to  that  of  the  defence  by  heavy  ordnance, 
the  position  of  the  circuits,  and  the  area  of  destruction  of  the 
mines,  must  of  necessiiy  be  concealed  fix)m  the  enemy,  and  the 
successful  carrying  out  of  these  defences  by  a  secret  service 
department  will  in  a  great  measure  frustrate  the  designs  of  spies 
and  informers  giving  information  to  the  enemy  of  the  position  of 
the  mines  and  wires.  Originally  it  was  intended  that  the  chief 
approaches  to  Paris  in  the  war  of  1870  should  have  been 
covered  by  means  of  a  series  of  subterranean  electric  mines,  and  a 
very  efficient  system  had  been  prepared,  and  would  have  been 
carried  out,  by  which  all  approaches  into  the  city  would  have  been 
effectually  closed,  except  at  a  vast  destruction  of  life.  With  the 
intended  system  it  would  have  been  unnecessary  to  have  dug  the 
successive  pitfalls  along  the  avenues  leading  to  the  Arc  de  TEtoilo. 
No  army  could  have  passed  the  deadly  series  of  fougades  placed  in 
position. 

To  the  official  incapaciiy  of  the  several  administrative  heads  of 
the  Government  departments  in  office,  at  that  critical  moment  for 
the  Empire,  the  non-completion  of  this  defence  may  be  attributed  ; 
the  advancing  Prussian  lines  were  almost  within  gunshot  before 
any  serious  consideration  was  given  to  the  subject,  and,  with  their 
flying  columns  and  scouts  over  the  ground,  all  such  operatioiv^ 
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then  became  impracticable.  It  is  here  perhaps  interesting  to 
explain  the  nature  of  the  then  intended  defences  to  the  approaches 
of  Paris.  Time  would  not  have  admitted  of  any  such  special 
system  of  defence  as  the  writer  of  this  paper  would  suggest  should 
be  carried  into  effect  for  every  system  of  permanent  defence  where 
electric  mines  are  to  be  employed  as  an  auxiliary  to  the  range  of 
artillery,  but  still  sufficient  time  remained  to  have  made  every 
approach  around  Paris  impregnable  to  the  advance  of  the  Prussian 
army,  by  the  placing  of  mines  without  the  lines  of  fortifications 
under  cover  of  the  guns  of  the  several  forts,  and  other  mines  within 
the  line  of  fortifications,  controlled  by  observing-stations  from  the 
top  of  some  of  the  more  prominent  public  buildings.  By  this 
means  a  treble  line  of  effective  defence  would  have  been  estab- 
lished : — 

First.  That  at  a  distance  beyond  the  range  of  projectiles  from 
the  forts,  and  which  would  have  operated  against  the  establishment 
of  the  Prussian  batteries  upon  tlie  heights  surrounding  Paris, 
and  the  firing  from  which  caused  so  much  destruction  to  private 
property. 

Second.  The  defence  afforded  by  the  artillery  of  the  several  forts. 

T/iird.  Tliat  of  the  secret  service  fougade  within  the  lines  of 
fortification  closing  the  approaches  into  Paris.  One  or  two  well- 
directed  "  shots  "  would  have  terminated  the  march  of  the  most 
enthusiastic  general,  ignorant  as  he  would  be  of  the  nature  of  this 
internal  defence.  It  is  fearful  to  contemplate  the  amount  of  death 
and  destruction  that  would  have  taken  place  had  tliese  mines  been 
laid  and  sprung  grape  shot.  Segment  shell  and  the  mitrailleuse 
in  their  destructive  effects  could  not  be  compared  for  a  moment 
with  the  fearful  Aceldama  they  would  have  caused.  These  land- 
mines, concealed  beneatli  the  surface  of  the  ground,  and  constructed 
in  the  form  of  a  shallow  inverted  cone,  into  the  apex  of  which  the 
bursting  charge  is  placed,  calculated  to  "  throw  "  the  superincum- 
bent mass  composed  of  some  hundred  tons  of  broken  granite  and 
paving  stones,  would  be  about  as  deadly  a  fougade  as  could  well  be 
conceived  ;  on  its  explosion  death  would  be  sown  broad-cast,  and 
tlio  successive  discharge  of  two  or  three  such  "  detonators  "  would 
almost  annihilate  the  advancing  columns  of  an  army. 


1874.]  MILITARY  TORPEDO  DEFENCES.  67 

As  it  was,  the  indecision  of  the  French  Governmental  heads  of 
departments  deferred  the  consideration  of  this  all-important 
system  of  defence  until  it  was  too  late  to  be  made  available. 
The  Prussian  Army,  fast  advancing  upon  Paris,  and  gaining 
position  after  position,  frustrated  any  organised  system  of  long- 
range  defence ;  while  at  the  same  time,  the  Government  of 
Great  Britain,  having  declared  tliat  telegraph  stores  and  coals  were 
contraband  of  war,  eflfectually  prevented  the  proposed  defensive 
measures  being  carried  into  effect.  The  value  of  electrical  mines 
for  military  defence  is  greatly  enhanced  when  the  same  are  laid 
down  as  a  permanent  system,  auxiliary  to  that  of  forts  and  earth- 
works, for  the  maintenance  of  any  special  fortified  position,  because 
it  is  then  quite  easy  to  extend  the  wires  without  detection  to 
distances  covering  the  approach,  beyond  the  range  of  guns.  Pro- 
perly trenched  into  the  earth  at  depths  not  less  than  from  ei^ht  to 
ta  feel,  the  wires  we»ld  be  „  Iu»  ftom  injury  „  m«t  «b. 
,^  kbie,  l^g  in  deep  water.  The  cha^bT;.  eo.Ui„  the 
charge  should  likewise  be  constructed  in  a  permanent  manner. 
At  a  comparatively  small  expenditure,  masonry  might  be  employed 
in  the  construction  of  watertight  compartments,  wherein  the  charge 
could  be  deposited  for  any  period  without  detriment  to  its  explo- 
sive properties.  If  a  charge  can  be  submerged  for  thirteen  months 
under  water,  as  was  the  case  with  the  James  Biver  mine,  a 
military  defence  properly  laid  could  be  maintained  for  an  indefinite 
period  under  ground. 

In  military  defences,  by  means  of  the  electric  agency,  the 
employment  of  mechanical  "  contact  breakers "  and  "  circuit 
closers "  is  inadmissable.  Circumstances  might  possibly  arise  in 
submarine  defences  which  would  admit  of  such  arrangements 
being  introduced,  but  in  military  torpedo  works  they  are  absolutely 
inadmissable.  It  may  here  be  desirable  to  make  a  few  remarks 
upon  the  employment  of  ^^  mechanical  torpedoes  "  and  ^^  circuit 
closers "  in  action.  First,  mechanical  action  of  all  kinds,  how- 
ever simple,  is  unreliable ;  because,  however  perfect  the  apparatus 
may  be  in  its  construction  when  first  placed  in  position,  variations 
of  temperature,  rust,  corrosion,  seawater  growths,  friction,  and  the 
many  uncertainties  incident  to  all  mechanical  appliances  left  to 
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themselves  for  any  length  of  time,  destroy  all  reliance  upon  their 
accuracy  of  performance.  Now,  in  warfare  mechanical  torpedoes 
once  placed  are  lefl  to  themselves ;  to  inspect  them,  or  overhaul 
the  working  of  their  parts,  is  fatal  in  two  ways,  possibly  to  the 
forlorn-hope  sent  to  carry  out  the  inspection ;  and  secondly,  because 
any  such  inspection  might  give  the  enemy,  always  on  the  alert, 
intimation  of  their  existence  and  a  knowledge  of  their  position* 
Reliance,  therefore,  upon  any  such  mechanical  apparatus  may 
prove  most  disastrous  to  the  defence — when  most  required.  As  in 
the  case  of  the  Richmond  fiise-mine,  they  are  in  nine  cases  out  of 
ten  inoperative. 

Again,  mechanical  appliances  depend  for  effective  explosion  not 
only  upon  the  perfection  of  their  mechanism  but  upon  percussion 
from  actual  contact  with  the  enemy.  This  limits  the  field  of  action, 
as  unless  the  enemy  actually  strikes  the  mine  no  explosion  can 
take  place ;  but  as  the  effective  area  of  destruction  of  a  properly 
constructed  mine  is  equivalent  to  that  of  a  circle,  the  diameter  of 
which  is  90  feet,  with  the  electrical  system  a  ship  may  be  fatally 
injured  even  though  not  immediately  over  the  mine,  so  long  as  she 
is  within  the  area  of  its  destructive  effects. 

In  the  defence  of  Venice  against  the  attack  of  the  French 
in  1859,  when  the  Austrians  under  Ebner  fortified  the  sea 
approaches  to  Venice  by  means  of  electric  torpedoes,  it  is  interest- 
ing to  recur  to  the  ingenious  method  they  adopted  to  insure  tlie 
explosion  of  the  mine  only  when  the  enemy  was  within  the  area 
of  that  special  defence. 

By  the  employment  of  the  camera  obscura  the  position  of  the 
various  mines  as  laid  down  by  the  Engineers  was  marked  on  the 
obscura  chart,  and  the  area  of  their  destructive  effects  indicated  on 
the  map  by  a  circle,  so  that  the  approach  of  any  of  the  enemy's 
ships  into  the  Bay  of  Venice  would  have  been  observed  by  reference 
to  the  obscura  chart,  and,  as  soon  as  they  passed  within  any  of  these 
destructive  areas,  electric  currents  were  so  arranged  as  to  explode 
the  mine  and  discomfit  the  advancing  foe. 

The  armistice  that  followed  prevented  the  completion  and  testing 
of  these  proposed  defences  under  the  ingenious  system  at  that  time 
davised  bj  Baron  Ebner,  and  the  few  that  the  Austrian  Govern- 
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mcnt  actually  laid  down  were  removed  without  having  been  called 
into  action.  This  defence  however  marks  an  epoch  in  the  advance 
of  torpedo  engineering.  The  mechanical  torpedoes  employed  by 
the  Russians  in  the  Baltic  Sea  in  1854,  and  devised  by  Jacobi,  con- 
sisted of  hollow  conical  vessels  charged  with  powder,  the  ignition 
of  which  was  dependent  upon  the  act  of  concussion  with  the 
enemy  —  or,  as  it  might  happen,  friendly  ship — driWng  home  a 
bar  arranged  to  ignite  in  the  interior  of  the  torpedo  case  a 
chemical  composition  placed  in  the  immediate  vicinity  of  the 
charge,  and  so  explode  the  mine.  It  will  be  easily  understood  that, 
had  these  mechanical  mines  remained  for  any  length  of  time  in  the 
water,  incrustations  and  rust  would  soon  have  rendered  them 
inoperative.  The  few  that  did  explode  proved  the  arrangement  to 
be  only  a  mechanical  toy.  It  is  only  within  the  last  few  weeks 
that  a  fatal  accident  is  recorded  in  the  Government  laboratory 
with  one  of  the  mechanical  fish-torpedo  self-propelling  missiles  now 
being  manufactured  and  experimented  upon  by  the  Gt)vemment 
departments  in  smooth  water. 

How  &r  these  mechanical  self-propellers  may  be  found  available 
in  actual  war&re  is  as  yet  undecided,  and  may  well  be  a  matter  for 
grave  consideration,  while  the  value  of  the  simple  electrical  system 
of  defence  by  land  and  sea  is  at  present  more  or  less  neglected. 

Built  up  to  form  an  integral  portion  of  our  forts  and  harbour 
approaches,  our  fortifications,  ti*enches,  and  breastwork  enceinte, 
how  valuable  would  this  system  prove  did  the  stem  realities  of 
actual  warfare  arise.  If  our  naval  and  military  administrators 
would  consider  two  points :  First,  that  the  employment  of  the 
electrical  agency  as  a  direct  means  for  exploding  mines  by  land 
and  sea  is  simple,  inexpensive,  and  absolutely  certain,  while  at  the 
same  time  safe  for  manipulation,  transport,  and  accuracy  of  fire ; 
and.  Secondly,  that  the  introduction  of  mechanical  apparatus  to 
take  the  place  of  electrical  agency  is  more  or  less  uncertain,  costly, 
and  dangerous  to  life  in  the  manufacture,  transport,  testing,  and 
planting  of  the  mine,  there  would  be  every  reason  to  believe  that 
ere  long  permanent  electrical  forts  and  fougades  would  be  established 
as  an  integral  part  of  the  system  of  our  national  defences,  and 
the  introduction  and  use  of  mechanical  means  for  the  ignition  oi 
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the  charge,  or  in  the  attempted  mechanical  propulsion  of  a 
detonating  mine  in  a  seaway,  would  be  very  cautiously  entertained. 
In  concluding  the  subject  under  consideration  in  this  and  the 
previous  paper,  the  intention  has  been  to  point  out  and  bring  before 
the  members  of  this  Society,  not  so  much  a  discussion  or  advocacy 
of  any  special  system  of  manipulation,  or  any  elaboration  of 
practical  details  of  apparatus,  circuits,  and  mines,  so  much  as  to 
point  out  that  the  true  value  of  the  electric  torpedo  defence  consists 
in  the  employment  of  the  direct  action  of  the  current  as  alone 
affording  that  security  without  which  no  torpedo  system  can  be 
reliable.  Of  the  importance  now  attached  to  the  electric  torpedo 
system  of  defence,  the  torpedo  armaments  of  Bussia,  Sweden, 
Norway,  and  the  United  States  of  America  testify.  It  is  a  matter 
for  reflection  to  learn  that  while  in  1865  the  Governments  of 
France,  Holland,  Belgium,  Denmark,  Norway,  Sweden,  and 
Bussia  paid  special  attention  to  this  subject  and  recognised  the  value 
of  the  defence,  at  that  time  the  Government  of  England  remained 
apathetic,  and  it  is  a  question  how  &r  our  hybrid  system  of 
mechanical  igniters  and  circuit- closers  and  compressed-air  pro- 
pelling mechanics  can  in  action  compare  with  the  splendid  organi- 
sation of  electric  torpedoes  that  now  form  an  integral  part  of  the 
naval  and  military  defences  of  Bussia,  the  United  States,  and 
Sweden. 


DISCUSSION. 

The  Chairman  :  Mr.  Holmes  may  perhaps  now  favour  us  with  a 
few  observations  on  the  paper  he  has  just  road,  and  also  on  the 
paper  which  he  read  at  the  last  meeting,  and  which  has  been 
referred  to.  We  are  all  electrical  people  here,  and  I  dare  say  we 
shall  all  readily  agree  with  Mr.  Holmes  in  admiring  electrical 
means  of  ignition.  I  fear,  therefore,  the  discussion  may  not  be 
such  an  interesting  one  as  it  would  have  been  if  Mr.  Holmes  had 
described  some  plan  or  system  of  his  own.  I  do  not  know  whether 
I  am  rightly  informed.  I  believe  Mr.  Holmes  has  some  peculiar 
form  of  torpedo  which  he  wishes  to  recommend.  If  he  has  I  think 
it  would  be  very  gratifying  to  the  meeting  if  he  could  tell  us  the 
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nature  and  kind  of  wire,  what  he  recommends  as  the  means  of 
Ignition  or  arrangement  for  firing,  and,  in  fact,  generally  describe 
the  system  which  he  would  recommend. 

Mr.  Holmes  :  I  was  not  prepared,  gentlemen,  to  advocate  any 
particular  system.  What  the  Chairman  has  stated  is  quite  correct 
At  the  time  of  the  American  war  a  special  system  was  devised  by 
the  late  Captain  Maury  and  myself  with  a  view  to  give  greater 
security  and  efficiency  in  the  discharge  of  electrical  defences. 
There  is  now  so  much  known — ^not  only  that  system  is  known  to 
everybody,  but  it  has  been  published  and  it  has  been  investigated 
by  four  of  the  Qt)vemments  of  Europe.  I  have  given  the  names  of 
tlie  different  Governments  who  at  that  time  sent  over  special  officers 
to  receive  instructions  on  the  different  modes  of  defence  that  had 
been  adopted  by  Captain  Maury.  That  particular  system  is, 
therefore,  well  known.  Although  from  that  time  to  this  the 
subject  has  occupied  a  great  deal  of  my  attention,  I  am  not  aware 
that  I  have  any  very  special  remarks  to  make  in  addition  to  the 
plan  that  at  that  time  I  enunciated.  The  experiments  that  have 
been  carried  out  by  our  own  Government  will  most  probably  have 
elucidated  new  facts.  Of  course,  whatever  facts  are  known,  one  of 
the  great  values  of  torpedo  defence  is  secrecy.  The  Americans 
keep  their  affairs  in  perfect  secrecy  ;  so  do  the  Russians  and  the 
other  nations  who  adopt  the  system.  It  would  not  be  wise  if  our 
Government  disclosed  any  of  their  special  arrangements ;  and  I  do 
not  propose  myself  to  enter  into  any  details  on  the  subject  unless 
any  special  questions  might  be  put  to  me  which  I  might  think  it 
desirable  to  answer. 

The  Chairman  :  We  shall  be  glad  now  to  hear  a  discussion  on 
ttie  paper  if  any  gentleman  has  any  observations  to  make. 

Major  Malcolm,  B.E. :  Mr.  Chairman,  this  is  an  entirely  new 
position  for  me  to  be  in.  Mr.  Holmes  has  evidently  taken  a  great 
deal  of  trouble  to  get  information  from  other  governments,  talking 
in  the  first  instance  as  if  we  had  done  nothing ;  and  I  was  not 
prepared  for  a  discussion  of  this  nature ;  neither  was  I  prepared 
to  see  on  the  table  instruments  which  have  been  elaborated  under 
my  own  supervision  and  tlio  supervision  of  my  predecessor,  with 
the  assistance  of  some  gentlemen  who  are  at  the  present  moment 
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ill  tlio  room,  and  which  the  War  Office  and  Admiralty  flatter  them- 
selves  are  profound  secrets.  I  suppose  the  seal  of  secrecy  may  be 
taken  off  me  too,  and  I  may  say  for  the  information  of  those  who 
do  not  know  me  personally  that  we  have  a  school  down  at  Chatham 
which  is  called  the  School  of  Submarine  Mining,  of  which  I  am  at 
present  in  charge,  and  we  have  gone,  as  closely  as  time  and  various 
opportunities  admit,  into  the  subject  of  electrical  firing,  mechanical 
firing  being  almost  entirely  put  on  one  side,  and  not  contemplated, 
except  for  special  services,  on  account  of  what  we  believe  to  be  the 
almost  insuperable  difficulties  of  putting  the  torpedoes  down,  and, 
worse  still,  of  taking  them  up  after  the  necessity  for  them  has 
ceased 

I  was  not  able  to  come  up  a  fortnight  ago  to  hear  Mr.  Holmes, 
but  I  have  taken  the  liberty  of  making  a  few  rough  remarks  on 
his  paper,  which  I  suppose  has  been  in  the  hands  of  most  of  you. 
I  really  do  not  exactly  know  what  to  say.  The  Government  gets 
attacked  very  often  in  this  kind  of  way ;  but  when  we  come  to 
examine  tlie  attack — I  hardly  like  to  call  it  an  ^^  attack  "  either,  but 
when  we  come  to  examine  the  papers  read  or  communicated  to  the 
press — we  find  a  terrible  quantit;y  of,  what  seems  to  men  acquainted 
a  little  witli  the  subject  to  be,  mere  vague  talk.  Now,  I  wiH  take  the 
second  page.  I  find,  ^^  as  mechanical  appliances  can  be  obtained  at 
less  cost  than  the  maintenance  of  a  standing  reserve,  the  defence 
of  a  kingdom  resolves  itself  in  great  part  into  the  establishment  of 
})roperly  applied  scientific  systems,  controlled  by  intelligent 
operators,  as  against  the  too  oft^n  lavish  expenditure  of  revenue  in 
the  construction  of  unwieldy  armaments,  of  gims,  and  armour-plated 
ships  competing  for  mastery,"  and  so  on.  Very  fine;  torpedoes  are 
all  very  well  in  tlieir  way ;  but  an  island  like  ours,  with  numerous 
colonies  and  vast  trade,  must  have  ships  and  massive  guns.  You  may 
put  down  as  many  torpedoes  as  you  like :  you  want  them  to  stop  where 
you  put  them  down,  because  if  they  do  not  your  camera  obscnras  or 
anything  else  will  be  of  very  little  use  ;  but  you  must  have  ships 
to  protect  your  commerce,  and  guns,  alas,  as  well.  Then,  ahnost  in 
the  next  line,  I  find,  "  With  the  electric  toi7)edo  this  competition 
ceases.  Simple  in  its  construction  and  action,  called  upon  to 
expend  its  power  upon  the  enemy  without  reciprocal  challenge,  the 
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most  powerful  Monitor  or  armour-plated  ship  ever  constructed 
easily  faUs  a  prey  to  its  deadly  embrace.  At  the  cost  of  a  few 
thousand  pounds  the  strongest  ship  with  its  heavy  guns  and  gallant 
crew,  fitted  out  at  a  cost  of  hundreds  of  thousands  of  pounds, 
becomes  comparatively  inoperative  for  the  attack."  But  if  a 
torpedo  is  to  cost  a  few  thousand  pounds  it  will  puzzle  anybody  to 
make  it  very  simple,  unless  you  make  it  of  gold  or  platinum  or 
something  of  that  kind,  which  seems  to  me  to  be  wrong. 

Then  again,  "  Half-a-dozen  men  in  control  of  the  torpedo  mines 
can  efibctually  keep  at  bay  both  an  army  and  a  fleet."  Now,  what 
can  half-a-dozen  men  do  ?  Where  can  they  be  ?  You  talk  in  other 
parts  of  the  torpedo  getting  wrong,  and  wanting  to  be  overhauled, 
and  so  on ;  how  are  half-a-dozen  men  to  do  it  ?  And  when 
you  come  to  go  into  the  matter  you  find  that  a  great  many  half- 
dozens  of  men  are  wanted ;  and  yet  it  seems  in  reading  a  paper  like 
this  that  it  is  so  exceedingly  simple.  I  assure  you  it  is  exceedingly 
difficult  Tlien  we  have  the  James  River  torpedo.  That  is  quoted: 
that  was  an  electric  one.  It  is  said  that  the  defence  of  the  river  was 
entrusted  to  a  single  electric  mine.  I  speak  now  without  book,  but 
it  is  my  impression  that  there  were  a  great  many  mines  put  down 
and  a  great  many  mines  taken  up,  and  there  happened  to  be 
one  which  was  not  taken  up,  and  which  went  off  at  the  right 
time  and  did  its  work ;  and  I  think,  also,  if  I  have  been  rightly 
informed,  that  there  were  a  great  many  more  ships  than  one 
destroyed  in  the  American  War,  and  a  very  large  proportion  of 
them  was  destroyed  by  mechanical  mines.  Nevertheless,  we  do 
not  use  mechanical  mines ;  at  least  we  do  not  contemplate  the  use 
of  mechanical  mines  in  this  country  to  any  great  extent,  on  account 
of  the  terrible  loss  of  life  to  which  they  expose  the  people  who  work 
them. 

A  case  is  quoted  in  the  paper  as  to  the  Prussians.  They  are 
said  to  have  lost  a  great  number  of  their  own  men  in  that  way. 
Then,  again,  here  is  a  curious  vagueness,  and  as  you  are  electricians 
1  do  not  mind  taking  you  all  with  me  in  this :  "  To  render  any 
system  of  electric  torpedo  defence  practically  useful  and  reliable,  it 
must  be  under  the  perfect  control  of  the  officers  and  men  using  that 
system."     That  you  will  tliorouglily  understand.     Well,  how  are 
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you  going  to  make  it  so  that  any  inexperienced  oflGicer  is  to  work  it 
when  it  is  going  to  blow  up  ?  It  cannot  be  done.  There  are  two 
or  three  little  difficulties  that  occur  to  me ;  and,  if  any  electrician 
here  will  solve  the  question  for  me,  I  shall  be  only  too  glad: 
I  shall  only  be  too  delighted  to  take  the  hint.  One  diffi- 
culty is  this :  it  is  stated,  ^^  It  is  likewise  necessary  that  the 
electrical  arrangements  shall  ensure  the  ignition  of  the  torpedoes 
by  land  and  sea  at  distances  exceeding  the  effective  range  of 
cannon,"  which  is,  of  course,  very  easy.  It  is  just  as  easy  to 
fire  a  mine  whether  it  is  three  or  four  or  foily  miles  off  if 
you  have  only  enough  battery-power.  "  And  that,  when  necessary, 
more  than  one  mine  shall  be  exploded  in  group  simultaneously  on 
tlie  same  circuit."  And  then,  again,  you  are  to  have  the  power  of 
discharging  mines,  which  I  suppose  is  exploding  mines,  even  if  the 
enemy  should  succeed  in  breaking  your  wires.  I  confess  that  this 
is  more  than  I  know  how  to  manage. 

Then  the  power  of  testing  mines  at  all  times  has  been  most  carefiilly 
thought  out  to  the  best  of  the  abilities  of  a  good  many  officers  who 
are  daily  working  at  that ;  and  it  is  not  our  opinion  as  a  rule  tliat 
it  is  at  all  desirable  to  go  talking  through  a  mine.  We  can 
generally  manage  to  communicate  in  some  other  way  if  we  want 
to.  Then  here  is  a  very  interesting  thing  on  record  about  M. 
Chabanncs  at  Toulon.  They  were  knocked  down  on  the  jetty,  and 
there  was  no  sign  on  the  surface  of  the  water.  Now,  I  should 
have  been  very  glad  to  come  up  a  dozen  times  from  Chatham,  as  I 
have  come  up  to-night,  in  order  to  get  a  little  more  information 
upon  that, — if  only  the  writer  of  the  paper  had  told  us  what  the 
charge  was,  and  what  the  depth  was,  and  how  far  off  it  was ;  but 
papers  that  leave  out  all  these  things  are,  for  our  purposes  who  are 
charged  with  the  torpedo  defences  of  the  country,  absolutely 
useless. 

As  for  the  chemical  fuses  and  the  platinum  wire  fuses,  it  may  be 
interesting  to  you  to  know  that  we  use  both  :  we  have  tliem  both. 
I  have  read  of  a  new  ship  out  in  America — I  believe  it  was  called 
the  "  New  Ironsides  " — that  was  for  two  hours  grounded  on  an 
electi'ical  torpedo,  but  it  would  not  go  off,  and  they  very  nearly 
shot  the  officer  in  charge  as  a  traitor  in  consequence.     So  you  see 
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you  must  make  somo  improvements  upon  what  they  did  in  those 
days.  They  did  very  well ;  and  tlie  Russians  did  very  well  con- 
sidering. 

Professor  Jaeobi  had  not  only  a  mechanical  system,  but  an 
electrical  system ;  but  they  had  an  exaggerated  idea  of  the  iK)wer 
of  powder,  or  too  mean  an  idea  of  tlie  strength  of  the  ships,  I  do 
not  know  which  ;  but  an  officer  who  picked  up  a  good  many  of  tlie 
torpedoes  told  me  that  they  put  in  from  lOlbs.  to  15lbs.  of  powder, 
and  if  any  of  them  exploded  at  all — which  many  of  them  did — they 
went  off  like  squibs  and  did  not  hurt  any  one.  Again,  the  autlior 
says  that  in  twenty-four  hours  a  harbour  may  be  made  safe  with  sea- 
mines.  Are  the  six  men  to  do  it?  because  I  can  tell  you  they  won't 
get  many  mines  down.  Then  tlie  system  tliat  tlie  author  proposes 
for  his  ideal  miUtary  mining  is— what  shall  I  say  ?— very  difficult 
to  carry  out. 

Doubtless  you  are  aware  that  there  is  a  corps  that  used  to  bo 
called  "  Sappers  and  Miners  " — (they  are  all  called  Engineers  now) 
— ^who  have  something  to  do  with  mining  on  land.  Round  every 
first  class  fort  there  is  a  system  of  what  are  called  countermines 
prepared,  and  they  have  been  prepared  ever  since  the  beginning 
of  the  sixteenth  century.  These  mines  now-a-days  would  un- 
doubtedly be  fired  by  electricity  as  they  are  constantly  fired  at 
Chatham,  and  have  been — (and  thousands  of  people  have  admired 
them) — ^for  the  last  twenty  years — I  can  remember  twenty  years 
bacL  Sir  Charles  Pasley,  R.E.,  had  a  good  deal  to  do  with  elec- 
trical firing  so  far  back  as  when  destroying  the  wreck  of  the  Royal 
George — over  thirty  years  ago.  But  war  is  a  question  of  money 
after  all,  and  tliis  grand  idea  of  sowing  mines  broadcast  all 
along  the  roads  to  Paris,  and  frightening  everybody  by  shooting 
them  off  from  time  to  time,  is  greatly  a  question  of  money ;  and  I 
should  like  to  ask  how  far  they  are  to  extend,  and  how  many  mines 
you  would  have,  and  what  battery  power  you  would  have,  and 
how  you  are  to  manage  to  keep  them  all  secret  when  you  liavo 
got  them  down,  and  how  you  will  manage  to  be  near  cnougli  to 
know  when  you  have  a  flank  of  enemy  near. 

And  I  should  also  like  to  say,  that  when  we  advance  in  civilized 
warfare  where  there  are  roads  and  fields,  in  Ashantec  it  k  nol  c^yVis^ 
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80  simple,  and  they  unfortunately  are  compelled  to  keep  very  much 
upon  the  roads  they  cut ;  but  in  Europe  at  any  rate  you  need  not 
go  along  roads,  and  the  usual  way  is  not  to  advance  only  along 
roads.     No  army  would  think  of  advancing  along  a  road  until  it 
had  sent  a  number  of  men  first.     All  the  roads  and  fields  would 
be  carefully  examined  by  ones  and  twos  and  threes  in  skirmishing 
order,  who  would  soon  find  out  your  preparations,  and  I  think  you 
would  hardly  get  ofi*  more  than  one  or  at  most  two  mines,  so  that 
you  would  find  that  your  plan  had  wasted  a  great  amount  of  money. 
If,  on  the  contrary,  you  had  a  fortress,  which  nobody  in  England 
will  allow  you  to  make — ^though  we  have  one  or  two  in  India — a 
regular  fortress  with  an  enceinte  of  2,000  yards  round  it,  in  which 
no  roads  are  allowed  to  be  cut,  you  can  have  such  a  system  ;  and 
if  you  have  an  army  close  to  you,  you  could  pop  them  ofi^  now  and 
then,  but  you  would  do  no  damage  when  you  had  done  so.     You 
might  kill  some  few  men,  but  men  come  into  the  army  to  be  killed. 
The  old-fashioned  way  is  to  reserve  this  sort  of  thing  until  you 
have  got  the  men  pretty  close  to  you,  and  till  you  can  rely  upon 
making  every  mine  do  work. 

I  hope  you  won't  think  I  am  warm  in  this  matter ;  but  official 
incapacity  is  constantly  brought  forward  when  great  inventions 
fail,  because  they  are  no  good,  as  if  the  departments  of  the 
Grovemment  had  nothing  to  do  but  to  sit  upon  inventors  and 
make  themselves  generally  obnoxious.  I  am  sure  they  do  not  want 
to.  I  am  sure  that  they  try  very  hard  to  use  for  tlie  good  of  their 
country  all  practical  suggestions  made  to  them.  Of  course  they 
have  not  infinite  knowledge ;  but  who  has  ?  Then  about  the 
unfortunate  Whitehead  fish-torpedo  that  exploded  the  other  day. 
It  did  not  do  anytliing  more  than  hundreds  of  boilers  do  every 
year.  That  I  happen  to  know.  I  saw  the  torpedoes  that  were 
brought  over  some  time  ago  by  Mr.  Whitehead  at  work,  and 
deliberately  I  say  that  I  think  it  a  very  valuable  invention. 
And  one  final  remark  I  would  like  to  make  about  Russia,  Prussia, 
Austria,  America,  and  all  the  rest  of  them.  Austria  was  not  a 
very  wealthy  country  when  it  paid  to  Mr.  Whitehead,  I  think, 
£15,000  or  more  for  the  secret  of  the  fish-torpedo.  And  a  very 
short   time  ago  anybody  might  have  seen  in  the  Estimates  the 
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torpedo  defences  of  this  countr}'^  put  at  something  like  £200,000  ; 
so  that  you  see  that  the  Government  has  been  alive  to  the  advan- 
tage of  submarine  warfare,  and,  if  you  will  accept  it  from  me, 
the  system  of  electrical  ignition  has  been  recognised  and  adopted 
long  ago  both  by  the  army  and  navy. 

Professor  Abbl  :  I  may,  perhaps,  as  a  matter  of  interest  just 
refer  to  one  or  two  points  that  Major  Malcolm  has  spoken  of 
connected  with  the  application  of  electricity  to  the  explosion 
of  mines  both  land  and  submarine.  He  has  rightly  said  that 
Sir  Charles  Pasley  was  the  first  to  apply  electricity  to  the 
explosion  of  mines,  rather  more  than  a  quarter  of  a  century 
ago,  in  England,  some  few  years  before  experiments  in  the 
same  direction  had  been  made  in  France.  Those  were  the  first 
experiments  that  were  at  all  made  in  connection  with  the  explosion 
of  mines  by  electricity,  and  Sir  Charles  Wheatstone  and  Professor 
Daniell  of  King's  College  were  very  naturally  much  interested  in 
the  application  of  electricity  in  this  direction.  Colonel  Pasley  was 
acquainted  with  these  gentlemen,  and  it  was  in  the  laboratory  of 
King's  College,  about  a  quarter  of  a  century  ago,  that  the  first 
arrangements  for  the  explosion  of  submarine  charges  were  worked 
out.  They  were  applied  to  the  blowing-up  of  the  wreck  of  the 
**  Boyal  GJeorge  "  at  Spithead,  and,  not  long  after  that,  electricity 
was  successftdly  employed  for  the  explosion  of  land-mines  by  the 
engineers  especially  under  Colonel  Pasley's  direction. 

In  1854  one  of  the  most  interesting,  and  I  may  say  one  of  the  most 
elaborate,  papers  that  have  ever  been  published  up  to  this  day  in  con- 
nection with  the  subject  was  published  by  Captain  Ward  in  a  very 
valuable  series  of  papers  not  generally  known — "  The  Professional 
Memoirs  of  the  Boyal  Engineers. "  In  that  paper  he  went  very  much 
into  detail  with  regard  to  the  batteries  that  should  be  employed,  and 
with  regard  to  the  description  of  fuses  and  conducting  wires  which 
he  had  selected  by  carefid  calculations  and  verified  by  actual 
experiment.  He  showed  the  amount  of  battery  power  that  should 
be  employed  for  partictdar  lengths  of  wire,  and  went  very  much 
into  all  the  details  which  have  been  discussed  over  again  since. 
One  result  of  his  labours  was  that  the  improved  Grove  battery  was 
introduced  into  the  Boyal  Engineers  service  and  is  still  in  use. 
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Then  in  1856  Professor  Wheatstone  and  I  happened  to  be  members 
of  one  of  these  very  much  abused  Government  Committees.  I  am 
happy  that  an  outsider  on  this  occasion  was  connected  with  it, 
Professor  Wheatstone.  He  it  was  who  proposed  that  tlie  subject 
of  the  application  of  the  electricity  of  induction  and  the  electricity 
of  high  tension  of  different  kinds  to  the  explosion  of  mines  should 
be  carefidly  inquired  into,  and  it  was  in  consequence  of  that  that 
ho  and  I  carried  on  for  some  years,  both  at  Woolwich  and  Chatham, 
a  series  of  experiments  which  resulted  in  the  development  of  the 
magneto-electric  explosion  machine  of  Wheatstone  and  others,  and 
also  in  the  production  of  improved  high-tension  fuses.  About  the 
same  time,  or  a  little  before.  Baron  Von  Ebner  in  Austria  had 
applied  frictional  electricity  successfully  to  the  explosion  of  mines. 
I  may  say  that  as  far  back  as  Franklin  and  Morse  frictional 
electricity  had  been  so  used  in  a  somewhat  uncertain  manner,  but 
it  was  Baron  Von  Ebner  who  first  worked  out  the  system  of  doing  it. 

Then  a  Spanish  officer  and  also  a  French  officer  in  conjunction 
applied  the  induction  coil  at  the  same  time,  and  so  several,  not 
only  in  Austria  but  also  in  France  and  England,  were  working 
together  at  the  subject  and  applying  electricity  from  different 
sources  to  the  explosion  of  mines,  and  I  do  not  believe  that  the 
subject  has  for  a  single  month,  in  fact  during  the  last  five  and 
twenty  years,  in  this  country,  been  neglected.  I  am  sure  and 
perfectly  confident  that  there  is  no  country  that  is  really  in 
advance  of  us  in  this  respect,  and  in  confirmation  of  that  I  may 
refer  to  the  fact  that  we  have  received  continual  visits  from  foreign 
officers  with  special  credentials  referring  to  us  to  receive  informa- 
tion, which  we  are  most  willing  and  happy  to  give,  with  reference 
to  the  arrangements  that  we  have  adopted  and  elaborated  for  the 
explosion  of  mines  both  land  and  submarine. 

With  reference  to  the  special  points  touched  upon  in  Mr.  Holmes^s 
paper,  there  is  only  one  that  struck  me  as  suggesting  a  question. 
I  should  have  liked  to  ask  it  on  the  last  occasion  but  I  did  not.  He 
deprecates  the  use  of  mechanical  elements,  and  I  presume  that  by 
that  he  means  not  merely  purely  mechanical  mines,  but  also  as  he 
told  us  this  evening  circuit-closers,  except  in  special  instances.  Now, 
I  cannot  conceive  how  any  system  of  electric  mines  can  be  perfect 
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which  shall  be  harmless  at  night,  or  at  any  rate  in  weather  which 
is  not  perhaps  foggy,  but  not  sufficiently  clear  to  allow  your  work- 
ing by  means  of  the  telescope.  I  cannot  see  how  any  system  can 
be  efficient  without  being  supplemented  by  a  circuit-closer  and 
breaker.  The  two  systems  must  be  combined.  It  is  impossible  to 
separate  them.  It  is  possible,  perhaps,  to  use  the  circuit-closer 
alone,  but  it  is  impossible  in  any  system  of  submarine  defence  to 
use  firing  by  observation,  leaving  out  a  circuit-closing  and  circuit- 
breaking  system. 

Mr.  Treuenfeld  :  There  is  one  remark  in  Mr.  Holmes's  paper 
wliich  was  read  at  the  last  meeting.      He  says :   "In  torpedo 
warfare  we  have  so  far  no  precedent  but  that  of  the  American 
Civil  War  of  1864."     I  beg  to  be  allowed  to  draw  the  attention  of 
Mr.  Holmes  to  the  fact  that  there  has  been  another  torpedo  war  of 
perhaps  equal  importance  and  of  longer  duration  than  that  in  the 
United  States  in  1864,  a  war  which  during  four  years  was  per- 
manently operated  with  torpedoes.      The  war  lasted   six  years 
altogether,  and  torpedoes  managed  to  keep  back  a  navy  of  more 
than   fifteen   ironclads   and  fifty  or  sixty  men-of-war   during  a 
period  of  four  years.     I  allude  to  the  war  between  the  Republic 
of  Paraguay  on  the  one  side,  and  the  Republic  of  Brazil,  the 
Argentine  Republic,  and  the  Republic  of  Uruguay  on  the  other 
side.     The  Republic  of  Paraguay  was  blockaded  during  six  years 
by  the  Brazilian  fieet,  consisting  at  times,  as  I  say,  of  as  many  as 
sixty    man-of-war   vessels    and    fifteen    ironclads,    and   by  the 
Brazilian   army,   and   the   army   of  the    three   countries,   being 
composed  sometimes  of  as  many  as  80,000  men. 

1  was  several  times  in  charge  of  the  torpedo  department  in  the 
Republic  of  Paraguay.  We  used  chiefly  mechanical  torpedoes,  as 
we  had  no  materials  in  the  country  for  anything  else,  and  we  had  to 
manufiu^ture  everything  ourselves.  That  was  the  reason  we  chiefly 
used  mechanical  torpedoes,  and  by  means  of  tliese  mechanical  tor- 
pedoes this  immense  fleet,  combined  with  an  army  of  from  70,000 
to  100,000  men,  was  for  four  years  kept  from  making  any  rapid 
advance.  We  also  tried  to  use  electi'ical  torpedoes,  but  as  we  were 
blockaded  and  could  obtain  no  materials  for  the  purpose  we  had 
to  make  the   cables   ourselves.      My  assistant    engineer,   Hans 
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Fischer,  who  died  in  the  war,  succeeded  in  manufactaring  cables. 
But  we  had  great  difficulties  in  the  manufacture,  as  we  Iiad  to 
send  the  soldiers  out  to  tap  the  india-rubber  trees  and  draw  the 
milk,  and  we  could  not  produce  as  many  cables  as  we  wanted.  I 
mention  these  facts  as  I  believe  they  have  never  been  printed,  and 
may  be  very  little  known  amongst  torpedo  engineers.  In  the 
Republic  of  Paraguay  we  had  at  least  300  torpedoes  laid  down. 
This  historical  fact  may,  perhaps,  speak  in  favour  of  mechanical 
torpedoes.  Anyhow,  they  are  very  usefiil  under  such  circum- 
stances where  other  material  is  not  at  hand.  They  proved  to  be 
of  very  great  importance  in  this  war,  and,  in  fact,  they  were 
perhaps  the  reason  why  such  a  war  could  last  for  six  years.  If  it 
was  not  for  the  torpedoes  it  ought  to  have  been  finished  in  one 
year. 

The  Chairman:  Will  you  kindly  describe  the  nature  of  the 
mechanical  torpedoes  which  were  used. 

Mr.  Treuenfeld  :  The  torpedoes  were  moored,  and  they  had 
chemical  fuses  in  glasses  which  broke  when  struck.  Sometimes 
there  were  bars  coming  out,  and  these  when  struck  by  a  ship  broke 
glass  bottles  which  were  inside.  The  electric  torpedoes  were 
simply  torpedoes  with  platinum  wire. 

Professor  Abel  :  Had  you  any  casualties  in  laying  them  down 
and  taking  them  up. 

Mr.  Treuenfeld  :  I  am  sorry  to  say  that  I  am  the  only  one  who 
had  anything  to  do  with  the  torpedoes  and  who  still  survives. 
Those  who  did  not  blow  themselves  up  died  in  the  war. 

Lieutenant  Scott,  RE. :  I  am  under  the  great  disadvantage,  Sir, 
of  not  having  heard  the  paper,  but  I  gather  from  Professor  Abel's 
remarks  that  the  author  prefers  a  mine  without  a  circuit-closer,  and 
which  is  fired  by  observation.  Now  I  may  say  from  experience 
that  in  the  rapid  tideways  often  found  at  the  mouths  of  harbours 
it  is  not  only  difficult  but  impossible,  unless  moorings  are  laid 
down  beforehand,  to  insure  putting  a  submarine  mine  in  the  position 
you  wish  to ;  and,  if  you  lay  down  your  moorings  beforehand,  then 
where  it*  your  secrecy  ?  I  think  secrecy  is  an  important  point 
Professor  Abel  has  already  spoken  of  the  cases  of  night  and  focr 
and  so  forth,  in  which  you  cannot  possibly  see,  but  I  just  wish  to 
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say  from  practical  experience  that  it  is  as  a  rule  impossible  to 
place  a  torpedo  at  the  bottom  of  the  water,  with  the  absolute  accu- 
racy required  for  observatiou-firiug,  unless  you  have  moorings 
previously  laid  down. 

Lieutenant  Watsok,  RE.:  I  should  like  to  ask  Mr.  Holmes  one 
question  with  regard  to  his  first  paper.  He  said  that  the  area  over 
which  a  torpedo  would  produce  a  destructive  effect  on  a  ship  was 
90  feet ;  but  he  did  not  tell  us  what  the  depth  of  water  was,  what 
the  charge  was,  or  what  sized  ship  he  was  speaking  of.  It  is  known 
from  experience  that  those  three  points  make  a  great  difference, 
and  that  a  torpedo  which  has  a  certain  charge  will  have  a  very 
different  radius  of  effect  from  one  which  has  a  larger  charge.  I 
ask  Mr.  Holmes  what  charge  he  was  referring  to,  and  what  experi- 
ment he  based  the  observation  upon  ?  I  came  here  to-night  to  get 
some  information  on  the  subject  We  have  had  a  great  many 
experiments  upon  the  subject,  and  it  is  of  very  great  interest  to  us. 
I  thought  that,  perhaps,  he  might  be  able  to  explain  more  fully 
upon  what  he  founds  his  observation. 

Mr.  Arthur  R.  Granville  :  I  would  like  to  ask  what  effect 
earth-currents  would  have  upon  torpedoes,  because  if  earth- 
currents  had  any  effect  upon  the  fusing  of  the  platinum  wire,  or 
any  other  electrical  means  of  firing,  it  seems  that  they  would  do 
away  the  great  efficiency  of  the  permanent  torpedoes. 

Mr.  Holmes  :  I  would  make  one  or  two  observations  witli 
regard  to  the  remarks  which  Major  Malcolm  has  offered.  He 
referred  to  the  paragraph  in  my  paper  which  states  that  at  the 
expense  of  a  few  thousand  pounds  a  defence  could  be  successfully 
maintained.  It  is  quite  unnecessary  to  construct  your  torpedoes 
of  gold  and  silver,  according  to  the  remarks  he  made,  in  order  to 
expend  that  amount.  The  expense  of  an  electrical  defence  is  not 
in  the  mine  or  in  the  fuses  for  firing  the  mine,  or  in  the  apparatus 
employed  to  produce  the  current  to  fire  the  mine.  The  expense  of 
torpedo  defences  is  in  the  proper  maintenance  of  the  insulated 
electrical  circuits.  When,  therefore,  I  use  the  expression  ^*  at  the 
expense  of  a  few  thousand  pounds,"  I  am  referring  to  a  properly 
laid  down  and  organized  defence,  in  which  the  electric  circuits 
themselves  take  a  chief  part  in  the  expense,  they  being  the  most 
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necessary  part  of  any  j>ermanent  defence.  In  the  same  way,  when 
I  say  that  a  handful  of  men,  five  or  six  men,  with  a  properly  con- 
structed defence,  can  successfully  defend  a  position,  I  am  not 
speaking  of  a  defence  laid  down  at  an  hour's  notice.  I  am 
speaking  in  the  paper  that  I  read  to  you  of  an  organized  defence, 
a  permanent  system  of  defence ;  and  I  laid  that  down  as  the  rule 
before  I  commenced  any  illustration  or  description.  I  refer  to  this 
diagram,  which  will  show  that  a  handful  of  men,  four  men,  could 
defend  the  whole  of  Portsmouth  Harbour.  Each  of  these  blue 
lines  and  red  lines  represents  an  electrical  circuit.  '  The  red  spots 
represent  mines.  I  have  simply  illustrated  three  mines,  but  you 
might  have  thirty  or  you  might  have  300.  The  concurrent  obser- 
vation of  three  men  from  each  of  these  forts  would  give  them  the 
command  of  300  mines  as  simply  as  three.  It  does  not  require  a 
largo  body  of  men  to  control  a  well-constituted  system  of  electrical 
defence.  Such  a  defence,  properly  laid  down  and  accurately 
planned  out,  can  be  maintained  at  a  very  small  expense ;  and  I 
contrasted  the  unnecessary  outlay  of  money  in  heavy  guns  and 
ironclads,  because  we  all  know  that  the  expense  and  calibre  of  our 
guns  has  been  increased  according  to  the  impenetrabilit}'  of  the 
plates  with  which  our  ships  are  coated.  The  plates  are  made 
heavier  and  thicker  as  the  guns  are  able  to  penetrate.  There  is  no 
end  to  that  war.  The  heavier  the  plate  the  heavier  the  gun. 
With  the  torpedo,  I  state,  this  competition  ceases.  A  torpedo 
properly  planned  will  act  effectually  on  the  heaviest  armour-plated 
ship  as  well  as  on  a  wooden  ship.  It  is  a  question  for  experience 
to  decide  whether  a  heavy  armour-plated  ship  is  not  of  more  easy 
destruction  than  a  wooden  ship.  I  believe  she  is,  and  I  believe 
that  the  experience  of  the  James  River  mine  tends  very  much  to 
prove  that.  Then  again  with  regard  to  my  speaking  of  the  area 
of  destruction  of  a  well-planned  system  as  a  circle  whose  radius 
would  be  about  45  feet.  That  statement  is  derived  from  the  state- 
ments made  by  the  Americans,  and  by  Captain  Maury,  who  is 
now  deceased.  I  have  his  experiments  in  his  own  handwriting, 
and  those  are  all  dated.     They  are  what  he  and  I  worked  together. 

Lieutenant  Watson,  B.E.  :  May  I  ask  what  the  charge  was? 

Mr.  Holmes  :  When  I  make  that  assertion,  I  particularly  state 
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in  my  paper  that  I  cannot  go  into  any  details,  but  the  charge  of 
powder  has  to  be  regulated  by  the  cushion  of  water.  The  words  I 
use  in  my  paper  are :  "  So  tliat  the  effective  shot  of  the  cushion  of 
water  shall  penetrate  to  the  bottom  of  the  vessel."  Water  being 
nearly  incompressible,  the  effect  of  the  explosion  of  the  mine  is  to 
drive  the  column  of  water  to  the  bottom  of  the  ship.  Tlie  column 
of  water  takes  the  place  of  a  shot,  and  I  guard  my  expression  by 
stating  that  the  charge  of  powder  has  to  be  regidated  to  the  depth 
of  the  water  and  the  area  of  destruction.  In  respect  to  Admiral 
Chabannes  I  have  seen  his  letters,  but  I  believe  that  the  depth  of 
water  was  sixty  fathoms,  and  the  charge  thirty  pounds.  He  wrote 
a  very  long  letter  to  Captain  Maury  and  myself  upon  the  peculiar 
results  of  his  experiments. 

I  very  much  regret  that  Europe  has  not  had  the  advantage  of 
the  most  interesting  narrative  of  the  torpedo  defences  in  South 
America.  If  it  were  possible,  I  should  like  a  little  more  informa- 
tion to  be  made  public  on  really  so  important  a  defence  than  is 
known  at  present.  I  confess  that  I  was  in  perfect  ignorance  that 
it  had  assumed  that  proportion.  I  was  aware  that  torpedoes  had 
been  used,  but  I  did  not  suppose  for  a  moment  it  was  to  the  extent 
that  I  have  been  informed  this  evening.  The  results  of  those 
mechanical  torpedoes  has  been  most  important,  but  still  we  must 
bear  in  mind  the  nature  of  the  defence  which  took  place  in  South 
America.  It  was  a  river  defence  and  easy  of  access.  It  is  not 
like  the  open  sea,  or  like  a  harbour  approach,  where  you  have  a 
vast  surface  to  cover.  You  have  there  a  channel  not  a  tideway, 
but  a  current  always  going  in  one  direction  flowing  to  the  sea, 
and  therefore  there  are  certain  facilities  connected  with  a  mechanical 
defence  of  that  kind  in  South  America  which  do  not  always  exist  in 
open  seas. 

Professor  Abel  :  I  was  very  anxious  to  hear  from  Mr.  Holmes 
how  he  defends  a  passage  at  night  by  torpedoes  without  any  self- 
acting  arrangements. 

Mr.  Holmes  :  I  think  you  are  aware  that  the  plan  proposed  by 
Maury  was  to  defend  his  torpedo  line  more  against  the  attempt  of 
the  enemy  to  drag  for  tliem.  That  was  by  covering  the  line  of 
defence  or  "raking"  it  with  guns,  or  by  throwing  an  electric 
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light  or  lime  liglit  whoro  tlie  enemy  would  have  to  pass,  so  as  to 
see  the  position ;  because  in  torpedo  systems  it  is  not  to  be  pre- 
sumed for  a  moment  that  you  are  to  work  in  the  open  sea.  You 
are  generally  either  in  a  harbour,  or  in  a  channel,  or  in  some 
channel- way  where  you  have  not  got  such  a  very  large  expanse  to 
attack.  That  is,  in  the  case  of  the  torpedo  defence  of  a  sea-coast 
I  confine  my  observations  more  especially  to  the  water  defences  of 
harbour  and  channel,  where  you  have,  or  may  have,  such  facilities. 
Of  course,  the  same  objection  that  I  have  made  against  all 
mechanical  appliances,  even  though  circuit-closers  are  brought 
into  action  to  defend  at  night,  still  holds.  Tou  may  rely  upon  the 
circuit-closer  acting,  and  it  may  fail  to  act.  You  will  place  your 
dependence  upon  it,  and  other  means  may  be  neglected.  Hien  a 
vessel  passes  the  circuit-closer,  or  strikes  the  circuit-closer,  and 
from  some  mechanical  defect  the  vessel  escapes.  I  object  in  my 
paper  to  mechanical  apparatus,  simply  because  mechanical  appa- 
ratus will  never,  for  two  weeks  together,  be  reliable  unless  it  is 
continually  watched ;  and  I  maintain  that  you  cannot,  when  you 
plant  mechanical  apparatus,  be  continually  going  in  boats  to 
inspect  it.  The  great  point  in  a  system  of  torpedo  defence  is  that 
no  intimation  shall  exist  in  the  face  of  the  enemy  that  anything 
is  laid  down. 

Professor  Abel  :  But  is  not  it  better  to  have  two  strings  to  your 
bow,  and  also  to  have  a  chance  of.  the  torpedoes  being  fired  during 
the  night  ? 

Mr.  Holmes  :  I  quite  agree  with  Professor  Abel  that  it  is  quite 
right  to  have  two  strings  to  your  bow  ;  but  do  not  rely  upon  the 
mechanical  means.  You  can  never  have  too  many  strings  to  your 
bow  ;  but  to  let  the  defence  rest  entirely  on  mechanical  appliances 
I  consider  is  not  desirable. 

Major  Malcolm,  RE. :  I  hope  that  Mr.  Holmes  won't  think  that 
I  want  to  snatch  an  easy  victory  by  talking  about  all  these  thousands 
of  pounds  that  he  began  with;  but  I  really  was  misled  by  this 
sentence,  which  states  that  the  defence  of  the  water  approach  to 
Richmond  was  intrusted  to  a  single  torpedo  mine  sunk  in  the 
channel  way ;  and  I  thouglit  that  Mr.  Holmes  very  probably  was 
like  a  great  many  men.    I  did  not  know  how  deeply  Mr.  Holmes 
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had  studied  the  question,  but  I  know  that  tliere  is  a  general  idea 
that  the  thing  will  go  off,  and  that  a  great  many  people  will  be 
killed,  pretty  much  as  in  that  picture. 

Mr.  Holmes  :  The  defence  of  Richmond  was  intrusted  to  this 
single  torpedo  mine.  That  was  the  first  mine  laid  in  the  river. 
The  other  torpedoes  were  laid  closer  up,  and  they  did  not  come 
into  action.  The  main  defence  was  this  large  mine.  Tliere  was 
no  second  mine  put  in  the  channel  of  the  river  to  guard  the 
approach. 

Major  Malcolm,  R.E. :  Then  you  see  the  defence  was  not  intrusted 
to  one  mine.  Then  as  to  the  few  men  that  are  to  manage  this.  I  do 
not  know  how  you  would  get  near  to  operate  so  many  mines  as  you 
speak  of,  three  hundred ;  you  might,  but  how  would  they  get  on 
mider  the  excitement  of  a  fleet  advancing  in  a  good  broad  channel  ? 
Suppose  they  did  not  advance  one  by  one,  the  men  would  have  to 
do  the  best  they  could,  as  the  ships  would  probably  advance  firing, 
for  there  would  be  a  great  deal  of  smoke.  Then  it  would  not  be 
altogether  easy  for  the  observers  to  see  and  to  agree  upon  a  par- 
ticular ship.  That  is  a  great  matter.  If  a  single  ship  comes  there 
will  be  no  doubt  about  it.  It  is  very  human  to  make  mistakes, 
and  I  think  the  chances  are  strongly  in  favour  of  two  observers 
when  the  fleet  is  pretty  close  to  a  mine  fixing  upon  diflFerent  ships. 
But  leaving  that  alone  you  must  give  each  man  ten  or  twelve  or 
possibly  twenty  mines ;  and  to  think  that  he  is  going  to  put  his 
finger  down  upon  thirty  or  fifty  keys,  at  the  critical  moment  is,  I 
take  upon  myself  to  say,  to  expect  more  than  a  man  can  do. 
Therefore  you  must  have  many  more  observers.  Then  who  is 
going  to  keep  these  300  mines  in  order  ?  I  am  perfectly  aware 
that  the  great  expense  is  the  insulated  cable,  but  it  wiU  get  caught 
and  damaged,  and  if  there  is  nothing  else  there  will  be  those  fisher- 
men going  about,  and  who  is  to  keep  them  in  order  ?  Therefore 
it  wotdd  be  absolutely  necessary  to  have  a  large  stafi^.  Then  in  the 
paper  Mr.  Holmes  says —  (you  will  remember  the  passage) — that 
by  means  of  torpedoes  you  are  to  defend  the  place  beyond  the  range 
of  cannon ;  and  now  when  we  come  to  handle  the  question  a  little 
bit  we  are  obliged  to  withdraw  our  torpedoes  under  the  protection 
of  cannon.  Well,  that  shows  the  advantages  of  this  discussion 
on  torpedo  defence.    Then  Captain  Maury,  like  everybody  else, 
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wanted  secrecy ;  and  yet  what  would  his  electric  light  do  when  it 
was  used  at  night  but  show  the  enemy  where  the  torpedoes  lay? 
Surely  tliat  would  point  out  where  they  were  like  drawing  a  chalk 
line  on  the  blackboard.  You  see  there  are  such  hundreds  of 
difficulties  about  it. 

Mr.  Holmes  :  Perhaps  this  diagram  may  not  be  properly  under- 
stood. First  of  all,  in  the  manipulation  of  a  given  number  of 
torpedoes  by  this  plan  of  Maury  there  is  not  any  number  of  keys, 
there  is  only  one  key.  This  is  a  key  that  fires  any  number  of 
mines,  and  it  is  moved  according  to  the  position  or  sweep  of  this 
telescope.  One  of  these  telescopes  is  placed  in  a  station  of  observa- 
tion, and  when  the  torpedoes  are  first  laid  down,  at  the  time  that 
the  torpedo  is  sunk,  a  mark  is  made  on  the  degrees  of  the  circle  of 
the  instrument.  That  would  represent  the  position  of  one  torpedo 
mine.  A  similar  apparatus  being  placed  in  the  other  station,  the 
observer  there  at  the  same  instant  of  time  also  upon  his  apparatus 
makes  a  mark.  Now  it  is  quite  obvious  that,  if  a  sliip  is  crossing 
the  line  of  that  torpedo,  the  observer  looking  through  his  telescope 
will  see  the  ship  crossing  the  spider*line  glass.  Then  he  touches 
his  handle,  but,  unless  the  ship  is  over  the  mine,  tlie  mine  will  not 
explode.  Unless  it  is  in  line  and  the  other  observer  depresses  his 
handle  at  the  same  moment  the  circuit  is  not  complete.  The 
circuit  being  completed  at  B  will  not  fire  the  mine  unless  the  ship 
is  actually  over  the  torpedo  and  there  is  a  concurrent  depression  of 
the  handle  at  A  completing  the  circuit.  Therefore,  in  this  system 
of  defence  no  mine  is  exploded  unless  the  ship  is  actually  there. 
There  is  no  running  to  a  key  in  a  hurry.  If  that  ti*igger  is  on  any 
of  your  points  where  you  know  that  the  torpedo  is  sunk,  and  you 
touch  your  key,  the  mine  will  explode  if  tlie  ship  is  in  position.  If 
the  ship  is  not  in  position  the  mine  remains  for  the  next  time. 
That  is  what  I  mean  by  five  or  six  men  keeping  a  fleet  at  bay.  It 
can  only  be  by  a  system  which  is  permanently  carried  out  You 
must  have  your  observing  stations  and  your  mines  accurately 
marked.  Then  you  have  your  system  complete.  You  cannot  lay 
this  down  in  one  day.     They  must  be  properly  planned. 

The  Chairman  :  If  two  or  three  ships  advance  at  once,  what  is 
to  prevent  different  ships  from  being  chosen  by  tlie  observers  ? 

Mr»  Holmes  :  On  these  circuit-closera  oiv  land  ^oxx  'wo^d  ^lace 
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a  certain  number  of  mines.  Every  ship  must  go  over  each  station 
before  it  comes  into  the  next  station,  and  it  is  in  the  power  of 
every  observer  to  close  his  circuit  as  it  advances  to  the  station. 
Of  course  if  he  misses  any  of  the  ships  then  they  are  in  range  of 
the  next.  As  this  diagram  is  merely  an  elementary  diagram,  I 
have  simply  put  down  two  stations ;  but  each  of  these  stations  may 
have  three  or  four  grouping  machines  of  this  nature,  each  one 
taking  a  separate  series  of  defences.  When  one  is  passed  then 
another  comes  into  use.  If  one  is  missed  then  the  observer  comes 
to  the  next  machines.  You  carry  the  defence  forward  as  the 
vessel  approaches,  and  as  the  ship  comes  to  the  next  group  of 
mines. 

Major  Malcolm,  R.E. :  The  diagram  to  which  Mr.  Holmes  has 
been  pointing  is  a  picture  of  an  instrument  with  which  I  am  very  well 
acquainted.  If  Mr.  Holmes  will  do  me  the  honour  of  coming  down 
to  Chatham  I  will  draw  him  any  number  of  diagrams  of  tliis  kind, 
and  show  him  how  we  use  frictional,  voltaic,  dynamo-electric, 
magneto-electric,  and  other  electrical  modes  of  firing  mines.  But, 
that  the  meeting  shall  not  go  away  with  altogether  a  false  impres- 
sion, I  wish  to  remark  that  there  are  only  360  degrees  in  ordinary 
circles  ;  and  that  shows  you  at  once  that  one  of  these  instruments 
can  only  command  a  very  few  points,  because,  though  your 
arrangement,  your  circuit-closer  or  trigger,  or  whatever  you  like 
to  call  it,  takes  up  a  certain  space,  you  would  be  very  apt  to  make 
little  mistakes  unless  you  have  a  great  number  of  them  ;  and  that 
system  there  is  one  which,  I  am  thankful  to  say,  we  have  passed 
by  and  have  improved  upon.  Then  as  to  the  elementary  system 
which  is  there,  there  must  be  a  battery  in  one  station  or  another. 
Well,  suppose  a  man  puts  his  key  down,  and  the  other  insulated 
cable  is  damaged,  won't  the  circuit  complete  itself  through  the 
water  ?  And  if  it  does  1  do  not  know  what  will  happen :  at  least, 
I  do  know  what  will  happen.  The  mine  will  go  off.  You  are 
entirely  dependent  upon  the  protection  of  your  insulated  cable. 

Mr.  Holmes  :  This  apparatus  was  elaborated  by  Maury  himself. 
With  reference  to  there  being  only  360  degrees  in  a  circle,  you 
can  well  use  90  of  those  degrees.  You  can  take  20  or  30  groups 
of  mines  upon  even  one  of  these  apparatus,  because,  when  you  are 
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observing  a  fleet,  the  fleet  is  advancing  in  one  direction,  and  your 
glass  is  sweeping  in  one  direction  by  a  micrometer  which  makes 
your  telescope  keep  pace  with  the  steamer,  the  same  as  an  astro- 
nomer keeps  his  telescope  following  a  star.  The  observer  has  nothing 
to  do  but  to  keep  his  handle  always  at  rest,  and  as  the  telesoopo 
sweeps  over,  and  the  ship  is  in  line,  if  the  trigger  is  depressed  the 
mine  would  go  oflF,  provided  that  at  the  concurrent  station  there  is 
also  the  same  thing  done.  Therefore  you  can  control  30  mines 
with  each  of  these  machines. 

The  Chairman  :  This  has  been  a  very  interesting  general  dis- 
cussion. It  might  have  been  even  more  interesting  if  we  had 
more  practical  details  to  deal  with,  but  to  telegraphers  a  great 
many  of  the  questions  that  have  been  discussed  this  evening  are 
entirely  novel  and  unknown.  Telegraphy,  however,  has  done 
one  good  thing  for  torpedo  work.  If  I  am  rightly  informed, 
Mr.  Statham,  in  manufacturing  gutta-percha  wires  in  1851  or 
1852,  and  using  sulphur  with  his  gutta-percha,  observed  that  tho 
sulphur  acted  upon  the  copper,  and  formed  a  coating  of  sulphide 
of  copper,  and  the  passage  of  a  very  feeble  current  caused  the 
iginition  of  this  sulphide  of  copper  and  created  fire.  I  think  it  was 
his  discovery  which  first  gave  an  impulse  to  the  igniting  of  torpedo 
mines  by  electricity.  Of  course  the  platinum  wire  system  was  well 
known  before  that,  but  I  tliink  it  was  Mr.  Statham  who  first  called 
attention  to  this  improved  method  of  igniting  with  wire  at  great 
distances.  I  can  only  say  that  I  have  been  very  much  pleased  to 
hoar  that  the  Government  are  going  to  spend — or,  perhaps,  as  a 
taxpayer  I  ought  not  to  say  that  I  am  pleased  that  they  are  going 
to  spend— £200,000. 

Major  Malcolm,  R.E.  :  They  have  spent  it 

The  Chairman  :  I  very  much  doubt  whether  they  have  spent  it; 
but  I  am  glad  to  hear  that  they  are  alive  on  the  subject,  and  tliat 
in  case  of  our  being  attacked  by  any  other  nation  on  the  earth  wc 
shall  have  such  defences  to  take  care  of  us.  I  have  been  amused 
at  the  manner  in  which  tlie  officials  of  the  Government  have  been 
disposed  to  pitch  into  any  outsiders  who  attempt  to  find  fault  with 
thorn.  I  can  quite  understand  it  They  are  determined  not  to 
allow  persons  to  sit  on  tliem.     I  can  see  Uiat  they  are  quite  ready, 
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if  attacked,  to  defend  tlicmselves,  and  I  hope  that  if  we  are  attacked 
they  will  bo  equally  ready  to  defend  us.  I  will  now  close  tliis 
meeting  by  asking  you  to  pass  a  very  cordial  vote  of  thanks  to 
Mr.  Holmes. 


The  following  Candidates  were  balloted  for  and  declared  duly 
elected  : — 


As  a  Member  : — 

Professor  Noad,  F.R.S.    . 

As  Associates  : — 
Alfred  Bennett 
John  Gibson    . 
Henry  Goodenough . 

Robert  Harrison 
Edward  Warburton . 


.  St  George's  Hospital. 

.  91,  Oxford  Street 

.  Kirkwall,  Orkney. 

.  Great  Westciii  Railway, 

Paddington. 

.  The  Grange,  Ware. 

.  Hammersmith. 


The  Meeting  then  adjourned. 
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The  Twenty-fourth  Ordinary  General  Meeting  was  held  on 
Wednesday,  March  11th,  1874,  Professor  Foster,  Vice-Pre- 
sident^  m  the  Chair. 


The  first  Paper  read  was— 

ON  AN  IMPROVED  DOUBLE-CURRENT 

TELEGRAPH  KEY. 

By  J.  J.  Fahib. 

This  instrument  is  intended  to  be  used  for  signalling  the  Mo 
code  through  submarine  cables,  long  landlines,  or  underground: 
wires  of  moderate  lengths,  say  500  or  600  miles. 

Its  advantages  over  the  double-current  keys  at  present  in  us^ 
are — 1st,  a  higher  speed  of  signalling  on  long  circuits — how  higU 
I  have  not  yet  determined — but  certainly  not  less  than  10  to  IS 
words  per  cent;  2nd,  the  possibility  of  the  receiving  statior- 
stopping  at  pleasure  the  sending  station  during  the  transmission  o:r 
a  despatch  ;  3rd,  its  simplicity,  and  the  ease  with  which  it  can  he^ 
worked,  as  compared  (for  instance)  with  Siemens's  submarine  key  ^ 
4th,  the  no  additional  cost  at  which  the  great  advantage  of  "  stop- 
ping "  is  effected,  in  comparison  with  the  present  method  of  com- 
passing the  same  end,  viz.^  the  automatic  switch  or  zinc  sender^ 
This  is  a  costly  piece  of  apparatus,  and  easily  gets  out  of  adjust- 
ment, and  thus  causes  some  delay  and  confusion.  But  these  aree 
not  its  only  drawbacks ;  being  situated  between  the  battery  and- 
the  line,  it  not  only  adds  to  the  electrical  resistance  of  the  latter, 
but,  what  is  of  more  consequence,  it  reduces  the  speed  of  working. 

My  instrument,  on  tlie  other  hand,  will  not  cost  more  than  an 
ordinary  double-current  key,  and  will  be  as  little  liable  to  get  out 
of  order. 

The  accompanying  diagrams  exhibit  a  side  and  end  view  of  the 
key.  A  is  a  spring  contact,  carrying  near  its  free  end  a  semicircular 
platinum  piece  of  about  a  quarter  inch  diameter.  It  is  in  metalh'c 
connection  with  the  tongue  F,  which  is  well  insulated  from  the  lever 
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by  the  block  of  ebonite,  or  ivory,  D.  This  tongue  is  secured  by  a 
small  bolt  which  runs  freely  through  the  insulator,  and  is  fastened 
at  the  other  side  by  a  nut  E,  curved  steel  washer.  It  plays  between 
the  contacts  C  and  Z,  and  must  remain  firmly  in  the  position  in 
which  it  is  placed.  For  this  reason  just  sufficient  pressure  is  put 
upon  it  by  means  of  the  nut  and  washer  before  mentioned,  so  that 
when  it  is  touching  the  screw  C  it  shall  not  fall  of  its  own  weight 
on  to  the  contact  Z.  S  is  a  strong  spring  for  drawing  up  the  lever 
to  the  position  shown  in  plan  L  It  passes  up  through  a  hole  in 
the  ebonite ;  £  is  secured  to  the  bolt.  It  is  of  course  insulated 
from  the  lever.  The  other  parts  of  the  instrument  need  no 
description. 

I  will  now  explain  its  action.  First  suppose  the  key  to  be 
joined  to  a  cable  of  (say)  200  miles.  The  play  of  the  lever  may 
in  this  case  be  reduced  to  half  of  that  shown  in  plan.  To  effect 
this,  the  little  screw  B  should  be  unscrewed  until  the  spring  is 
withdrawn  to  such  a  distance  that  the  lever,  on  being  depressed, 
shall  only  rub  against  a  small  arc  of  the  contact  piece  A.  The 
contact  Z  and  the  screw  R  are  then  adjusted  so  that  the  semicircu- 
lar contact  piece  on  side  of  lever  is  just  clear  above  A  when  tlie 
lever  is  at  rest.  The  lever  is  then  depressed  and  the  contact  piece 
E  adjusted  imtil  the  lever  contact  is  just  below  A.  The  screw  C 
should  always  be  as  close  to  the  tongue  F  as  possible,  and  when 
the  key  is  at  rest  the  lever  and  R  and  the  tongue  F  and  Z  should 
make  good  metallic  contacts.     The  key  is  then  "  adjusted." 

The  copper  pole  of  a  battery  of  (say)  10  cells  is  connected  to  C, 
the  zinc  pole  of  another  battery  of  equal  strength  to  Z,  the 
remaining  poles  being  to  earth.  The  line  is  connected  to  L,  the 
eartli  to  E,  and  the  receiving  instrument  or  relay  to  R. 

Now  to  send  a  signal  the  lever  is  depressed ;  as  soon  as  it  moves 
downwards  the  connection  between  line  and  relay  is  broken,  the 
tongue  F  immediately  after  leaves  the  zinc  and  goes  on  to  the 
copper,  and  almost  at  tlie  same  moment  the  lever  rubs  over  the 
spring  contact  A.  While  they  are  thus  touching,  a  positive  or 
copper  current  or  wave  flows  out  to  line  and  closes  the  distant 
station's  polarised  relay.  When  the  lever  passes  below  A  the 
battery  is  cut  off',  and  when  it  touches  E  the  line  is  put  to  earth. 
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On  allowiog  the  lever  to  rise  after  making  the  signal,  the  con- 
nection between  line  and  earth  is  first  broken,  then  Uio  tongue 
leaves  the  copper  and  touches  the  zinc,  and  at  the  next  instant  A 
and  the  lever  again  rub  together ;  while  they  are  thus  in  contact 
a  "zinc"  wave  flows  out  to  line,  and  opens  the  distant  relay. 
When  the  lever  passes  above  A  the  battery  connection  is  severed, 
and  inunediately  after  the  line  is  put  to  the  receiving  instrument 

Positive  and  negative  currents  of  equal  strength  and  duration 
are  thus  sent  into  the  line :  the  injurious  effects  of  induction  operate 
to  a  much  less  extent,  and  a  greater  speed  is  possible  than  when 
signals  are  made  by  currents  of  unequal  strength  and  duration. 
(See  4th  Edition  of  Culley's  Handbook,  paragraphs  468  and  469.) 
Again,  by  this  arrangement  the  line  is  able  to  discharge  itself  after 
every  positive  and  negative  wave — a  great  advantage. 

Should  the  distant  station  desire  to  ^'  stop  "  the  sender,  the  lever 
must  be  held  for  a  second  or  two  against  the  spring  contact  A, 
thus  keeping  a  positive  current  on  line.  As  soon  as  the  sending 
station's  lever  returns  to  the  contact  R  this  positive  current  enters 
his  relay  and  works  his  "  Morse,"  whereupon  the  sender  stops. 

When  working  on  longer  lines  of  (say)  600  miles  (and  I  do  not 
think  my  key  would  work  weU  through  longer  distances  unless 
with  more  delicate  relays  than  the  old  Red  Sea  pattern  in  use  in 
the  Persian  Gulf)  the  contact  spring  A  is  allowed  to  fall  forward 
to  its  ftdl  extent,  so  that  the  lever  shall  rub  against  a  larger  surface 
of  the  semicircular  contact  For  this  the  lever  wiU  require  greater 
play,  and  the  contacts  R  and  E  must  be  altered  accordingly. 

If  at  any  time  the  receiving  station  complain  of  weak  signals, 
it  will  be  some  help  if  the  sending  station  throws  off  the  earth  wire 
from  his  key,  and  so  compel  the  whole  positive  charge  to  go 
forward  and  act  upon  the  distant  station's  relay;  indeed,  when 
working  through  long  or  badly  insulated  lines  the  earth-wire  at  E 
need  not  be  used  at  all. 

As  a  rule  the  battery  power  should  be  increased  by  about  one- 
half — thus,  if  10  cells  be  required  to  work  with  (say)  Siemens'  key, 
15  should  be  employed  with  the  new  key. 

My  key  may  also  bo  adjusted  so  as  to  send  permanent  positive 
currents  followed  by  short  negative  currents.     For  this  the  eailli- 

f2 
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wiro  should  be  removed  and  E  elevated,  so  that  the  lever,  when 
depressed,  shall  remain  in  connection  with  a ;  a  permanent  positive 
current  thus  passes  out  to  line  ;  while  the  lever  is  returning  to  its 
normal  position  after  making  each  signal  a  negative  current  goes 
out.  The  strength  or  duration  of  this  current  can  be  altered  within 
certain  limits  to  suit  the  condition  of  the  line  by  altering  the  play 
of  the  lever. 

Worked  in  this  manner  the  key  will  be  foimd  to  give  very 
satisfactory  results  on  a  long,  well-insulated  land-line. 

Since  August  1872  I  have,  on  numerous  occasions,  tried  this 
key  on  several  of  the  sections  of  the  Persian  Gulf  cables,  and  have 
always  obtained  very  good  results  on  lengths  under  600  miles. 
With  a  more  sensitive  relay  than  the  old  and  heavy  ones  available 
in  this  department,  I  am  satisfied  my  key  will  work  well  with  less 
play  and  through  longer  distances  than  at  present. 


The  Chairman  :  This  is  a  question  of  great  practical  importance, 
and  the  remarks  of  practical  gentlemen  present  will  no  doubt  give 
value  to  this  commimication. 

Mr.  C.  W.  Siemens  :  I  did  not  imderstand  the  paper  to  state 
whether  this  key  is  intended  to  be  worked  in  connection  with  the 
polarized  relay. 

The  Secretary  :  Yes.    The  paper,  I  think,  does  state  so. 

Mr.  C.  W.  Siemens:  If  so  the  key  has  the  undoubted  advantage 
of  sending  positive  and  negative  currents  of  equal  duration  in 
order  that  the  lines  may  neutralise  each  other,  provided  always 
that  the  motion  downwards  of  the  key  is  accomplished  with  the 
same  velocity.  If  there  should  be  any  dragging  in  pushing  the 
key  down,  or  in  allowing  it  to  go  up,  then  tlie  time  of  the  contact 
between  the  two  pieces  would  be  different  on  the  downward 
journey  from  what  it  would  be  on  the  upward  journey  and  tlie 
balance  of  current  in  the  line  would  be  vitiated.  There  are 
certain  points  in  the  construction  which  perhaps  would  present 
practical  difficulties  if  the  key  left  the  hands  of  the  inventor  and 
passed  into  those  of  other  operators.     To  begin  with,  the  traverse 
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of  the  key  is  very  considerable,  and  probably  there  might  be  an 
objection  to  working  a  key  with  that  traverse  ;  then  the  spring 
appears  to  require  very  neat  adjustment  It  has  to  exert  an 
elastic  pressure  against  the  point  C,  on  tlie  point  Z,  and  yet  must 
be  sufficiently  free  on  the  point  D  to  turn  after  its  own  short  stroke 
is  accomplished.  These  are  points  of  practical  importance  which 
probably  may  be  modified,  so  that  the  objections  I  refer  to  may  be 
overcome,  but  certainly  the  attempts  here  made  to  equalise  the  line 
currents  appear  to  be  meritorious.  There  is  a  good  point  in  the 
relay.  It  will  do  away  with  the  switch,  holding  the  two  contact 
pieces  together,  and  thus  interrupt  the  working  on  the  other  side. 
The  saving  of  the  switch  must  be  regarded  as  a  collateral  advantage 
obtained  by  the  key  itself. 

Mr.  Phillips:  It  seems  to  me  that  after  sending  the  copper 
current  into  the  line  the  key  puts  the  line  to  earth ;  but  that  does 
not  appear  to  occur  afl»r  the  zinc  current  is  sent  into  the  line.  As 
fiur  as  I  understand  that  seems  to  be  a  one-sided  notion.  The 
Siemens'  key  when  brought  back  makes  an  earth  contact,  whatever 
current  is  sent 

Mr.  Latimer  Clark  :  I  think  this  key  does  the  same. 

Mr.  Siemens  :  We  consider  L  equal  to  earth. 

Mr.  Latimer  Clark  :  Can  the  Secretary  tell  us  whether  they 
are  both  alike  in  that  respect  ? 

The  Secretary  :  It  does  not  go  to  earth.  Tlie  copper  current 
discharges  to  line,  and  fiirther  depression  of  the  key  gives  the  zinc 
current,  which  goes  into  line  and  is  partially  neutralised.  On  the 
conclusion  of  the  current  the  key  goes  back  to  its  relay,  its  normal 
position.  The  paper  was  sent  here  from  the  Persian  Gulf,  and  I 
have  had  no  time  to  communicate  with  the  author. 


The  following  paper  was  then  read — 
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Note  on  Mr.  LATIMER  CLARK'S  METHOD  OF  MEASURING 
DIFFERENCES  OF  ELECTRIC  POTENTIAL. 

By  Professor  Adams. 

In  order  to  compare  the  electromotive  forces  of  two  batteries, 
M.  Poggendorf  joins  them  up  in  such  a  way  that  the  current  from 
the  weaker  battery  may  be  balanced  by  an  equal  and  opposite 
branch  current  from  the  stronger  battery. 

We  may  regard  it  as  a  method  of  determining  in  what  length  of 
line  of  a  given  simple  circuit  the  fall  of  potential  is  equal  to  the 
electromotive  force  of  the  weaker  battery. 

Thus,  if  C  be  the  electromotive  force  of  the  stronger  battery, 
R  +  p  the  total  resistance  of  a  simple  circuit,  and  Q  the  strengtli 
of  current,  then  by  Ohm's  Law  C  =  Q  (R  -f  p). 

Now  if  the  poles  of  another  battery,  whose  electromotive  force 
is  El,  be  joined  up  as  in  PoggendorTs  method  to  two  points  of  the 
first  circuit  between  which  the  fall  of  potential  is  equal  to  E^,  then 
no  current  will  flow  from  tliis  second  battery,  and  the  current  in 
the  simple  circuit  of  the  first  battery  will  not  be  disturbed. 

If  we  regard  p  as  the  resistance  between  these  two  points,  then 
applying  KirchhoflTs  laws  to  the  secondary  circuit  we  get  E^sQp. 
Hence  we  obtain  the  result  arrived  at  by  Poggendorf,  that 

Mr.  Latimer  Clark  employs  this  method,  and  greatly  extends  its 
use  by  determining  in  what  length  of  line  of  the  same  simple  circuit 
the  fall  of  potential  is  equal  to  tlie  electromotive  force  of  a  standard 
cell  of  known  value.  And  the  electromotive  forces  of  the  standard 
cell  and  another  battery  are  proportional  to  the  resistances  between 
die  points  where  their  poles  are  joined  up  to  the  circuit  of  the  first 
battery,  so  that  no  current  may  pass  through  them.  The  standard 
coll  and  the  battery  to  be  compared  with  it  may  be  joined  up  at 
the  same  time  to  the  principal  circuit  of  the  stronger  battery,  since 
their  currents  are  completely  balanced.  In  the  same  way  it  is 
clear  that  any  number  of  separate  batteries  may  be  joined  up  to 
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the  same  principal  circuit  at  the  same  time,  and  their  electromotive 
forces  compared  directly  with  one  another  and  with  the  standard. 

Now  let  us  consider  how  far  a  current  in  one  of  these  secondary 
circuits  will  affect  the  other  secondary  circuits,  which  we  may 
suppose  to  be  already  balanced. 


Beferring  to  the  figure  — 

Let  C  A  B  D  be  the  principal  circuit  of  the  principal  battery  C. 

A  E  ^  B  and  A  Ej  I  be  the  secondary  circuits,  so  arranged  tliat 
each  battery  by  itself  would  send  a  current  in  the  same  direction 
along  the  wire  A  B. 

Let  E  be  the  electromotive  force  of  the  standard  cell,  and  Ej  the 
electromotive  force  of  the  other  secondary  battery. 

Assuming  that  currents  flow  in  all  the  different  branches — 

Let  Q  be  the  strength  of  current  in  D  C,  R  the  resistance  of 
ACDB,pi  and  ^3  the  strengths  of  current  in  A I  and  IB  re- 
spectively, q  the  strength  of  current  in  the  standard  cell,  and  q^ 
the  strength  of  current  in  the  other  cell  E^.  Let  p ,  and  p^  be  the 
resistances  of  A  I  and  I  B  respectively,  7  and  7^  the  resistances  of 
A  E  B  and  A  E^  I.  Then  applying  Kirchhoff's  laws  to  the  primary 
and  the  several  secondary  circuits  we  get  the  following  equations : — 

C  =  Q  R  4-  Pi  /Oi  +  P2  /^2    •     •     •     (^0 
E  =  yy  -f  Pi  pi  +  Ps  P2 .     .     .     .     (ii.) 

El  =  ?i  7i  +  Pi  Pi (!"•) 

Also,  since  the  algebraic  sum  of  the  strengths  of  current  flowing  to 
any  point  vanishes 

Q  —  Pi-f-?-f-Ji  =  0    .     .     .     .     (iv.) 
Pi-P2-9i  =  0 (v.) 


88  ON  MR.  LATIMER  CLARK'S  METHOD  OF  [llthMar. 

when  the  two  secondary  circuits  arc  completely  balanced,  then 
equations  (li.)  and  (iii.)  become 

E  =  Q  (/^i  +  ft),  and  El  =  Q/^i ; 

therefore  5^  = —&—     .     .    .     {^). 

Now  let  us  suppose  that  tlie  standard  cell  E  is  balanced  before 
El  is  joined  up  to  the  primary  circuit, 
Then  equations  (i.)  and  (ii.)  become 

C  =  QiR  +;?i  {pi  +  ft)  =  Qi  (R  +  ft  +  Pa)* 
E  =  Qi  (pi  +  P2)  =pi  (ft  +  Pa), 
and  Pi  =  Pa  =  Qi, 
the  relations  being  the  same  as  when  the  circuit  Ej  is  completely 
balanced. 

Now,  under  what  conditions  can  E^  be  joined  up  so  as  not  to 
send  a  current  through  the  standard  cell  E  ? 

These  conditions  may  be  found  from  the  above  five  equations 
by  making  q=o. 

If  g=o,  then  from  equations  (ii.),  (iv.),  and  (v.) 

P2  =  Pi  -  !?i  =  Qj 
and  E  =  pi  pi  +  Q  Pa ; 

therefore  C  =  Q  (R  +  pa)  -f  Pi  ft, 

and  C  -  E  =  Q  R, 

but  C,  E,  and  R  remain  the  same  ; 

therefore  Q  =  Qj,  the  same  as  before ; 

hence  from  (iv.)  and  (v.),  p^  =  p^  =  Qj  and  g^  =  0; 

so  that  when   the  standard  cell  is  balanced  and  an  additional 

secondary  circuit  is  joined  up  at  A  and  at  any  point  I,  so  as  to 

produce  a  current  through  E^,  then  a  current  will  also  be  produced 

through  the  constant  cell. 

Thus  it  appears,  as  might  have  been  expected,  that  a  current 

through  any  secondary  circuit  will  produce  a  current  through  the 

constant  cell.     Hence  to  compare  the  electromotive  forces  of  any 

number  of  separate  secondary  circuits  it  is  only  necessary  to  have 

one  galvanometer,  which  should  be  placed  in  the  circuit  of  the 

standard  cell. 

The  direct  relation  between  tlie  cuiTcnts  produced  at.  the  same 

time  in  two  secondary  circuits  by  altering  the  point  of  junction  I 
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of  one  of  them  may  bo  derived  from  the  above  five  equations, 
remembering  that  B,  7  and  y^^  and  also  pi  +  Pa*  remain  constant. 
Let  Pi  +  Pa  =  i. 

From  (i.)  and  (ii.)  we  get  C  —  E  =  QR  —  ^7 (7) 

From  (1.)  and  (iii.)  C  —  Ej  =  Q  R  —  jj  71  +  pj,  pj, 

Also  fix)m  (iii.)  and  (v.)  Ej  =  g^  7^  -f-  q^  p^  -f  p^  p^ 
Also  from  (li.)  and  (iii.)  E  —  Ej  =  5-7  —  ^^7^  -f  ;)j,  p^. 

Eliminating  p^  from  these  two  last  equations  we  got 

E  Pi  -  Ej  (pi  -h  Pa)  =  ?7Pi  -  ?i  P,  Pa  -  ?i  7,  (Pi  +  Pa) 
or  (E-gr7)p,  -  9,  p,*  +  J,  p,  *  =  (E,  -  y,  7i)  *•••  •(«) 

This  equation  (S)  connects  q^  q^  and  p^. 

Another  equation  connecting  the  same  quantities  may  be  obtained 
from  equations  (iii.)>  (iv.),  and  (7). 
Thus  El  =  Q  pi  -f  ?  Pi  -f  9i  (7i  +  p,), 

And  El  R  -  (C  -  E)  pi  =  jpi  (R  +  7)  +  ?i  R  (7i  +  Pi) 
or  (0-E)pi  +  (77Pi  +  (?  +  ?i)Rpi  =  (Ei  -  ?i7i)R.  .(^). 

The  two  equations  (S)  and  (e)  give  the  strengths  of  currents  in 
the  two  secondary  circuits  when  the  point  I  is  shifted  along  the 
line  A  B  in  terms  of  the  resistance  of  A  I. 

If,  then,  we  suppose  the  two  secondary  circuits  to  be  balanced, 
these  equations  give  the  strengths  of  the  two  currents  due  to  a 
change  of  position  of  the  point  of  contact  I.  And  the  equation  (7) 
gives  the  consequent  change  of  current  through  the  primary 
battery.     In  this  case  we  have  the  additional  relation 

E  k 


i 

D       R+A' 

E 

* 

.  0         _  C 

-E 
R 

Hence, 

dividing  equation  (S)  by  k  and 

(e)  by  R  and  subtracting, 

we  get 

pi{9y{l+n)  +  9  +  ^ 

.?}=». 

or5  =  - 

P" 

..      m. 

The  important   practical   result  which  we   arrive  at  by  con- 
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sidering  these  equations  is  this,  that  in  order  to  compare  the 
electromotive  force  of  any  battery  with  the  standard  cell  it  is  only 
necessary  to  employ  one  galvanometer,  and  that,  if  this  galvano- 
meter be  joined  up  with  the  standard  cell,  the  electromotive  force 
of  one  or  of  any  number  of  separate  batteries  may  be  found  by 
shifting  the  point  of  contact  I  of  each  one  of  them  until  no  current 
is  produced  through  the  galvanometer  when  the  contact  at  I  is 
made  or  broken. 

Supposing  that  the  resistance  of  the  wire  A  I  in  this  arrange- 
ment is  an  unknown  resistance,  the  resistance  I  B  being  known, 
then,  by  attaching  the  poles  of  a  quadrant  electrometer  at  A  and  I 
instead  of  the  battery  E^,  we  may  determine  the  resistance  of  the 
wire  A  I  by  means  of  the  difference  of  potential  between  the  two 
points^  as  shown  by  the  electrometer;  the  joining  of  the  elec- 
trometer poles  at  A  and  B  showing  the  deflection  corresponding 
to  the  standard  cell. 


Mr.  Latimer  Clare  :  I  must  say  I  think  Professor  Adams  has 
made  a  very  useful  and  practical  simplification  of  the  old  method  of 
measuring  potentials,  and  one  which  I  think  will  be  more  and  more 
employed  the  more  it  becomes  known.  It  is  a  most  convenient 
method,  and  ought  to  be  more  generally  used  than  it  has  hitherto 
been.  I  very  much  like  the  suggestion  which  Professor  Adams 
has  made,  that  we  could  measure  the  resistance  by  reversing  tlio 
operation  and  using  the  electrometer  as  well  as  being  able  to 
measure  the  potential.  I  hope  Professor  Adams  will  give  us  some 
better  idea  as  to  how  far  practically  we  can  depend  upon  the  use  of 
one  galvanometer  only ;  that  is  to  say,  whether  we  can  measure 
potentials  a  hundredth,  two  hundredth,  or  five  hundredth  of  the 
whole,  with  an  ordinary  practical  galvanometer.  No  doubt  his 
calculations  will  enable  him  to  give  us  some  idea  as  to  within  wliat 
percentage  we  may  rely  upon  the  measurement  of  potential  of  the 
smaller  battery.  Of  course  it  was  impossible  for  me,  in  conduct- 
ing experiments,  not  to  see  the  relation  of  movement  between  tlie 
two  galvanometers.    Without  having  the  ability  to  calculate  the 
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relation,  that  being  a  very  complex  matter,  I  judge  merely  from 
my  own  ideas,  that  it  would  not  be  sensitive  enough,  but  the  idea 
oooorred  to  me  that  it  might  have  been  so  used,  as  I  find  it  is  con- 
stantly necessary  to  watch  the  two  galvanometers  and  to  keep  them 
adjusted.  I  may  also  mention  that  I  have  used  the  instrument  for 
obtaining  an  exact  and  known  degree  of  potential  in  small  con- 
densers. It  is  a  very  convenient  means  of  giving  an  exact  unit 
measure  in  them.  I  have  found  it  possible  to  divide  the  potential 
of  a  single  cell  of  any  ordinary  battery,  such  as  a  Daniell's  battery, 
into  a  million  equal  parts.  That  is  done  by  using  a  Thomson's 
galvanometer.  I  will  not  say  I  can  always  rely  upon  such  mea- 
surements, but  I  can  certainly  indicate  a  difference  of  a  millionth 
part  Measurements  of  a  thousandth  part  can  be  read  and  deter- 
mined with  very  great  accuracy ;  but  if  Professor  Adams  will  tell 
us  whether  we  can  come  within  one-tenth  per  cent,  or  one  per 
cent  of  the  real  measure  it  will  be  a  matter  of  practical  utility. 

Professor  Adahs:  My  formula  is  not  sufficiently  reduced  to 
numbers  to  enable  me  to  give  at  once  the  relation  between  the 
currents  flowing  in  the  two  branch  circuits  for  any  particular  case. 
I  have  the  relation  contained  in  the  equation  (^),  which  shows 
that  the  sensibility  of  the  method  depends  on  the  relative  values  of 
the  resistances  of  A  I  and  A  B,  and  also  on  the  resistance  of  the 
standard  cell.  A  practical  way  of  determining  the  question  would 
be  to  make  use  of  two  galvanometers  and  note  accurately  the 
deflections  of  both  at  the  same  instant  I  should  rather  try  the 
experimental  method  for  determining  the  sensibility  and  see 
whether  it  agreed  with  the  mathematical  result,  noting  the  deflec- 
tions produced  in  the  two  galvanometers ;  by  shifting  the  point  of 
connection  through  a  given  resistance  the  result  would  be  at  once 
obtained.     Experimentally  it  would  be  a  short  process. 

Mr.  Latimer  Clark  :  My  impression  is  from  what  I  remember 
that  I  was  able  to  measure  acciu^ately  to  about  the  thousandth  part 
of  a  Daniell's  cell  with  a  resistance  of  40  ohms  in  the  wire.  I  have 
applied  the  instrument  first  in  a  small  portable  form — a  single  bar 
6  feet  long — and  with  that  I  found  no  difficulty  in  dividing  a 
Daniell's  cell  into  a  thousandth  part.  We  could  then  ascertain  the 
distinct  changes  in  tlie  ^aJv/inoraeter* 
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Tlio  Chairman:  There  is  one  point  mentioned  by  Professor 
Adams  which  struck  me  as  of  special  importance — that  is,  that  we 
shall  be  able  to  compare  not  only  the  two,  but  any  number  of 
batteries  at  the  same  time,  with  the  use  of  a  single  galvanometer. 
It  must  be  inconvenient  in  most  laboratories  to  employ  many 
galvanometers  at  once  for  such  a  purpose,  and  I  can  well  imagine 
cases  where  it  might  be  desirable  to  compare  simultaneously 
several  electromotive  forces.  It  therefore  strikes  me,  on  a  general 
view  of  the  subject,  that  the  comparison  will  be  very  accurate 
when  the  electromotive  forces  to  be  compared  are  nearly  equal,  but 
that  the  sensitiveness  of  the  arrangement  will  be  considerably 
diminished  if  they  differ  very  much.  If  the  two  points  of  connec- 
tion, B  and  I,  are  near  together,  the  variation  of  one  should  affect 
the  other  equally.    If  far  apart  it  would  not  do  so  to  the  same  extent 

Mr.  Latimer  Clark  :  Undoubtedly. 

Professor  Adams  :  There  is  no  doubt  the  arrangement  is  most 
sensitive  when  the  resistances  are  nearly  equal,  but  unless  the 
difference  is  very  great  the  method  will  give  a  very  close  approxi- 
mation to  die  result  which  would  be  obtained  by  inserting  a  second 
galvanometer. 

Take  a  particular  case  to  test  the  sensibility  of  the  method. 

If  in  the  principal  battery  C  there  are  10  cells,  each  of  '5  ohms 

resistance,  the  resistance  of  the  rheostat  D  being  40  ohms,  tlie 

resistance  of  the  galvanometer  and  shunt  1  ohm,  and  if  one  similar 

cell  is  used  as  the  standard, 

R  4-  /: 
then  R  =  45  ohms,  7  =  1*5,  and — r —  =  10. 

Then  ?  =  l-r^^^y 

making  the  sensibility  about  75  per  cent,  of  what  it  would  be  with 
two  galvanometers  when  the  secondary  batteries  are  nearly  equal. 
By  increasing  the  resistance  of  the  rheostat  D,  we  may  make  the 
method  far  more  sensitive. 


If  D  =  400 ohms,  7 (I  +  ^)=  2V 


making  the  sensibility  about  96  per  cent,  of  what  it  would  be<with 
two  galvanometers. 
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When  the  electromotive  forces  of  the  secondary  batteries  differ 
very  widely  from  one  another,  the  sensibility  of  the  method  will  be 
expressed  by  the  ratio  of  the  electro-motive  forces.  In  such  cases, 
if  only  one  galvanometer  be  used,  it  should  be  placed  in  the  same 
branch  circuit  as  the  battery  which  has  the  least  electromotive 
force. 


The  following  paper  was  then  read : — 

CONDENSERS  IN  CONNECTION  WITH  DUPLEX  TELE- 
GRAPHY. 

By  Mr.  R,  S.  Culley,  Vice-President 

It  has  been  found  that  in  using  condensers  with  duplex  tele- 
graphy the  alteration  of  the  capacity  of  the  condenser  sometimes 
made  little  or  no  difference  in  the  working  of  the  circuit  This 
was  pointed  out  to  me  by  Mr.  Steams  with  his  own  conjectures 
as  to  the  cause ;  he  remarked,  ^^  Mr.  Marson  told  me  that  it  seemed 
to  matter  very  little  whether  two  or  five  microfarads  were  used 
on  some  circuits.  Tliis  sorely  puzzled  me.  Mr.  Carson  at  tlie 
Anglo- American  made  the  same  report.  I  tried  to  test  the  question 
at  Brighton  when  using  one  of  your  condensers,  and  again  when 
trying  to  work  Hughes's  duplex  between  the  General  Post  Office 
and  Southampton  some  days  ago.  My  own  observations  confirm 
Mr.  Marson's." 

Mr.  Steaiiis  attributed  the  cause  to  an  inductive  action  between 
plate  and  plate  in  the  condenser,  making  the  aggregate  action 
complicated  and  unsatisfactory. 

In  order  to  test  this  view  of  the  question  a  numerous  and  careful 
series  of  experiments  were  made  for  me  by  Mr.  Andrew  Bell  at  tlie 
Gloucester  Road  Stores,  and,  as  they  are  of  an  interesting  character 
and  clear  up  this  point,  I  have  considered  them  as  being  not  un  - 
acceptable  to  the  Society. 

Before,  however,  describing  these  experiments  it  would  be  useful 
to  point  out  the  kind  of  condenser  referred  to,  and  its  mode  of 
manufacture.     The  introduction  of  duplex  telegraphy  has  necessi- 
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tated  the  employment  of  some  number  of  approximately  accurati 
condensers,  and  these  have  been  almost  entirely  manufactured  a 
the  Postal  Telegraph  Stores,  Gloucester  Bead,  under  the  super 
intendence  of  Mr.  Bell, 

The  condensers  in  use  for  duplex  working  are  usually  of  j 
capacity  of  nearly  five  microfarads,  and  are  arranged  in  a  series  o 
five  plates,  so  that  the  capacity  may  be  increased  or  decreased  aj 
desired  by  the  simple  alteration  of  the  plug  commutator.  The  fiv( 
plates  are  of  the  following  capacities  : — 

1  =  2  microfarads. 

2  =  1 

3  =  0-5 

4  =  0-25 

5  =  0-125 

The  material  employed  for  the  "  inductive "  surface  is  tinfoil 
the  dielectric  being  paper  steeped  in  parafin  wax.  The  paper  i 
known  as  *'  cream  wove  bank  post,*'  and  is  cut  to  the  size  o 
8-55  X  7-3  inches.  The  tinfoil  is  of  the  thickness  of  -00097",  and  i 
of  the  size  of  7;^  x  6  inches.   The  corners,  as  seen  in  the  diagram^ 
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are  cut  ofi*.  Two  sets  of  foils  are  used,  the  one  for  "  line  *'  or  tl 
"inductive"  surface,  the  other  for  "earth."  The  foils  in  tl 
latter  exceed  the  former  by  one.  As  many  foils  as  are  required  i 
make  a  "  plate  "  are  placed  together  and  the  uncut  comers  solderc 
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together,  so  as  to  form  what  may  be  called  a  "book."     Small 

tinned  copper  lugs,  with  a  wire  to  connect  to  the  terminal  or  stud, 

are  soldered   to  as  many  foils  as  are  needed  for  the  plate.     In 

"building  '*  a  plate  the  foils  are  placed  in  an  inverted  order  on  the 

Bor&ce  plate   (which  is  of  highly  polished  metal,    heated  from 

underneath  by  a  Bunsen  gas-burner,  and  is  provided  with  a  channel 

round  it  for  carrying  off  the  surplus  paraffin),  so  as  to  be  turned 

over  one  by  one  from  both  sides  alternately.    During  this  process  a 

battery  and  galvanometer  are  kept  in  circuit  between  the  two  sets 

of  foils  to  discover  faulty  paper. 

Between  each  foil  are  placed  two  sheets  of  paper.  The  paper, 
which  has  been  previously  well  dried,  is  first  placed  on  the  surface- 
plate  and  is  carefully  covered  with  melted  paraffin  wax  by  means  of 
a  camePs-hair  brush,  then  one  foil  ifrom  the  book  connected  to 
the  "eartli  "  is  placed  in  the  centre  of  the  paper  and  brushed  over 
with  paraffin ;  it  is  then  carefully  smoothed  over  with  a  flat  piece 
of  wood  covered  with  chamois  leather;  tliis  is  covered  by  two 
thicknesses  of  paper  paraffined.  Then  the  first  page  of  the  "  line  "  foil 
lKX)k  is  placed  on  and  served  in  a  similar  way  until  the  whole  plate 
i^  built  up :  it  will  be  seen  that  when  the  last  foil  is  placed  it  will 
lean  "earth."  So  the  completed  plate  has  an  "earth"  foil  at 
each  end.  This  is  protected  with  two  pieces  of  paper,  and  the  whole 
plate  is  then  placed  between  two  warm  metal  plates  and  pressed 
with  about  8  cwt  so  that  the  surplus  paraffin  is  pressed  out  and  the 
plate  consolidated. 

After  the  plate  has  cooled  it  can  be  compared  with  the  standard 
and  altered  until  it  is  properly  adjusted. 

The  first  series  of  experiments  were  made  with  three  separate 
plates  (each  of  the  capacity  of  about  one  microfarad),  properly  insu- 
l^W,  so  that  they  could  be  tested  separately  or  in  any  combina- 
^on  by  superposing  them. 

The  tests  were  taken  with  a  battery  of  four  cells,  partly  shunted 
fin  order  to  give  a  readable  deflection),  and  tlio  charges  and  dis- 
charges were  measured  by  an  ordinary  Thomson's  reflecting  galva- 
nometer. 

The  following  give  the  results,  arranged  in  a  tabulated  form : — 
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Measurement  of  Condenser-plates  Detached  and  Sufbbpobbd— 
Capacity  of  the  Three  Plates  used  about  1  Miceo-fabao 

EACH. 


Plates  or  Combination 

and 

Position  of  Line  and  Eartb 

Charge. 

Immediate 

discharge 

on  a  short 

Contact 

Immediate 

discharge  on 

Contact, 

glTing  ftill 

Tfms. 

Connections. 

Mean. 

Mean. 

MeuD. 

Time. 

Ko. 

degrees 

degrees 

degrees 

Plate  A  detached      .... 

100-5 

96-5 

100 

3'  \ 

„     B        „             .... 

97 

93-5 

97 

n 

1 

„      C          M                .... 

100-6 

96-5 

100 

n 

Sum      .... 

298 

286-6 

297 

Flat^ii  A,  B,  and  C,  superposed  as 
in  box 

291-4 

282-4 

293-7 

6* 

2 

,,     A  and  C,  Line  connection  of  B 
disconnected 

197 

191 

197-6 

4' 

3 

— -^^/ 

,,     A  and  C,  Line  and  Earth  of  B 
disconnected 

197 

191-6 

197-6 

If 

4 

,,      B,  Lines  A  and  C  disconnected 

93 

93-3 

96 

3' 

5 

„     B,  Lines  and  Earth  A  and  C 
disconnected 

1 

94 

93-3 

96 

}} 

6 

Tho  inductive  dimensions  of  foil  are  =  39*5  sq.  inches — 18 
times  ill  inside  foil =4*93  sq.  ft.  =  9*86  sq.  feet=l  micl'ofarad 
capacity.  Some  plates  require  as  much  as  J  additional  surface  to 
give  one  microfarad  capacity ;  tho  difference  being  due  to  the  vary- 
ing thickness  of  paper,  and  tlie  varying  distance  between  the  foils 
due  to  alteration  of  the  heat  of  the  surface- plates  between  which  the 
plate  is  pressed. 

From  the  foregoing  figures  it  will  be  seen  that  the  total  reading 
from  tho  three  plates  differed  but  little  from   the  sum  of  the 
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of  the  three  plates  taken  separately.  There  appeared  to  bo 
*ence  when  the  line  only  of  one  plate  (the  middle  one)  and 
le  line  and  earth  were  disconnected.  The  sum  of  tlie  two 
ave  197*5°,  the  two  plates  taken  together  giving  197°,  and 
len  the  plate  B  was  disconnected,  showing  tliat  the  discon- 
of  B  had  no  effect  upon  the  discharges  obtained  from  the 
a  each  side  of  it  Taking  also  the  discharges  obtained  from 
with  plate  A  on  one  side  of  it  and  plate  C  on  the  other, 
no  difference  to  warrant  a  supposition  that  there  was  an 
e  influence  at  work  tending  to  alter  the  capacity  of  the 
er. 

ler  to  assimilate  these  experiments  as  much  as  possible  to 
Inary  duplex  working,  some  were  taken  with  split  strong 
;,  to  obtain  as  near  as  possible  the  discharges  resulting  from 
working.     They  were  as  follows : — 

Measurement  of  Condenser. 

discharge  measured, — Charge  split  through  10,000  ohms. 


Plates  or  Combinations, 
and 

No.  of 
Charg- 
ing 
Cells. 

Immediate  Discharge  on  a 
short  contact. 

«ition  of  Line  and  Earth 
Connections. 

Separate  Measure- 
ments, 

Mean. 

detached    .... 
„         .... 
,,         .... 

50 

96,  97,  97,  97 
94,  94,  93,  93 
94,  95,  95,  94 

Sum 

285, 282,  283,  284 

192,191,191,192 

94,  93,  94,  94 

96-7 
93-5 
94-5 

284-7 

L  B  and  C  superposed 

.  and  C,  Line  of  B  discon- 
nected      .... 

,  Lines  of  A  and  C  discon- 
nected      .... 

283-5 

191-5 

93-7 

[II. 


G 
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Plates  or  Combinations, 
and 

No.  of 
Charg- 
ing 
CeUs. 

Immediate  Discharge  on  a 
short  contact. 

Position  of  Line  and  Earth 
Connections. 

Separate  Measure- 
ments. 

Mean. 

Plate  A  detached    .... 
„     i>        „          .         •        •         . 
„     O        „           .... 

100 

96,  97,  96,  97 
93,  94,  93,  93 
93,  94,  94,  94 

Sum 

281, 282, 281, 282 

190,190,189,190 

93,  93,  94,  94 

96-5 
93-7 
93-7 

283» 

Plates  A  B  and  G  superposed 

„      A  and  C,  Line  of  B  discon- 
nected     .... 

„     B,   Lines  of    A   and  G   dis- 
connected 

281-^ 

189-7' 

93-^ 

From  the  above  it  will  be  seen  how  closely  the  various  resiil<:s 
agree.  The  very  slight  diflTerence  due  in  one  or  two  eases  must  hpe 
attributable  to  a  litde  longer  or  shorter  duration  of  the  momentary 
contacts  as  used  in  signalling. 

A  further  experiment  was  tried  which  was  somewhat  conclusive- 
The  three  plates,  A,  B,  and  C,  were  superposed,  B  being  as  in 
each  case  in  the  middle;  A  and  C  were  charged  in  the  usual 
manner,  but  there  were  no  signs  of  any  induced  charge  in  B. 

The  second  series  of  experiments  were  taken  with  a  finished  con- 
denser (the  first  series  being  with  loose  plates).  To  enable  the 
charging  current  to  be  properly  split,  tlie  connections  of  a  double 
current  key  were  altered  to  suit  the  purpose,  so  that  short  contacts 
made  with  it  should  resemble  actual  duplex  working  as  near  as 
possible. 

When  measuring  this  condenser  there  was  fortunately  little  or  no 
disturbance  from  engines  in  the  Camden  Yard  :  repeated  readings 
scarcely  varied  a  single  division  on  the  scale.  The  plates  are  placed 
in  the  case  in  the  same  order  as  that  of  the  measurements  given 
below,  and  the  measurement  of  the  plates  before  they  were  placed 
in  the  case  is  also  shown.  The  plates  sometimes  lose  a  little  capacity, 
owing  to  the  filling  up  paraffin  loosening  the  tinfoil  at  the  edges, 
and  sometimes  they  gain  from  the  smoothing  down  of  cut  foils. 


I 

Tn  case. 

leioTG  placed 
in  case. 

616° 

608° 

308° 

300° 

160° 

155° 

79° 

78"* 

38° 

37° 
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Coudenser  No.  52 — 1  microfarad  =  300  divisions. 

Plate  A  =  2  m.f.  = 
„  B  =  1  „  = 
„  C  =  0-5  „  = 
„  D  =  0-25  „  = 
„  E  =  0-125,,  = 
IfVith  shunt  altered  so  that  B  plate  =  100  divisions,  the  measure- 
Jneats  separately  were  as  follows  : 

Plate  A  =  200 

„    B  =  100        .    300 

„    D=    26        -         -         -378 
„    E  =    13         -        .         -         -     391 

•*-ben,  arranged  in  groups,  gave  following : 
Plates  A  -h  B  =300 

A,  B,  and  C  =     -       353 

A,  B,  C,  andD         =     -        -      379 
A,  B,  C,  D,  and  E    =      -        -        -      392 
A,  C,  and  E  =  256  (sum  265) 

B  and  D  =  122  (  „     126) 

The  above  measurements  were  made  with  only  a  potential  of 
^  cells,  and  the  plates  allowed  to  charge  fully. 

The  foUowing  tests  were  taken  with  50  cells  split  through  a  large 
^^istance  (10,000  ohms),  shunt  being  altered  to  give  same  reading 
*^T  the  plates.  The  plates  of  course  take  full  charge  much  quicker 
^m  the  higher  potential,  yet  a  short  signalling  contact  does  not 
^y  charge,  and,  as  might  bo  expected,  the  decrement  is  propor- 
jonal  to  the  capaciiy.  In  the  '125  microfarad  plate  (E)  there  was 
lo  apparent  decrement  because  of  the  low  constant,  but  in  the 
microfarad  plate  the  decrement  was  about  47o- 
Plate  A  =  192 

„    B=    97         .         -         289 

„    C=    50         -        -  -      339 

„    D=    25         -        -  -        -       364 

„    E=    13 377 

g2 
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yy 


yy 
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Plates  A  and  B  =  289 

ABandC  =  -      339 

ABCandD      =  -         -       364 
A  B  C  D  and  E  =  -        -        -      376 

A  C  and  E  =  256 

B  and  D  =  122 

The  following  statement  gives  some  particulars  of  tlie  dujJex 
circuit  on  which  condensers  are  used.  It  will  be  seen  that  the  lengths 
of  tliese  circuits  vary  from  51  miles  to  400,  and  the  capacity  of  the 
condensers  in  actual  use  from  0*5  microfarad  to  10'75,  which  last 
is  at  Dublin  at  the  end  almost  of  the  Holyhead  cable. 

Capacity  of  Condensers  on  Duplex  Circuits. 


From 

To 

Length. 

Capacity  of  Condensers 
in  inches. 

Miles. 

Gauge. 

Prom 

To 

Microfarads. 

Telegraph  Street  . 

Birmingham 

130 

10 

2-75 

Ditto 

Ditto 

130 

10 

2-40 

Ditto 

Manchester 

192 

8 

3-00 

30 

Ditto 

Ditto 

208 

8 

2-75 

30 

Ditto 

Edinburgh  . 

400 

8 

3-00 

Ditto 

Ditto       . 

400 

8 

3-48 

Ditto 

Liverpool    . 

205 

8 

2-75 

2-0 

Ditto 

Ditto 

205 

8 

3-24 

3-0 

Ditto 

Dublin 

370 

4 

f  2-5 

10-75 

Ditto 

Bristol 

120 

8 

1-0 

Edinburgh  . 

Liverpool    . 

227 

8 

1-0 

Ditto 

Dundee 

51 

8 

0-5 

05 

Glasgow 

Inverness    . 

210 

8 

2-75 

4-0 

2,848 

3412 
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Mr.  Latimer  Clark:  The  paper  only  confirms  what  might 
have  been  very  well  expected  from  theory.  It  would  have  been 
most  surprising  if  there  had  been  any  induction  taking  place 
between  two  plates  of  tin  foil  which  are  separated  by  a  third 
plate  which  is  in  connection  with  earth.  At  the  same  time  it  is 
satisfactory  to  find  this  view  confirmed  by  a  series  of  carefiiUy 
conducted  experiments,  and  to  know  that  the  condensers  may  be 
reKed  on  as  true  and  good  measures  of  electi'ical  capacity.  There 
however  seems  to  be  some  difficulty  in  getting  a  permanent  con- 
denser, and  so  far  as  I  am  aware  it  has  not  yet  been  accomplished. 
1  have  tried  mica  instead  of  paper,  and  shellac,  paraffin,  and 
various  compounds  of  gutta-percha,  but  nothing  has  been  quite 
permanent  In  1862  I  made  three  condensers  very  carefully  of 
shellac  and  mica,  and  they  were  adjusted  very  accurately  together. 
They  were  used  in  India  and  various  parts  of  the  globe,  and  they 
remained  quite  coincident  until  about  three  yeai*s  ago,  when  they 
kegan  to  change  in  their  relative  capacities,  and  at  the  present  time 
one  is  6  or  7  per  cent  below  the  others,  and  the  one  of  the  largest 
capacity  is  the  most  accurate.  With  gutta-percha  and  paraffin  the 
changes  were  much  greater.  A  permanent  condenser  which  would 
retain  a  fixed  measure  of  electricity  is  a  great  desideratum. 

Mr.  Phillips  :  May  I  ask  whether  the  paper  Mr.  Culley  uses  is 
nig  paper  ?  In  some  experiments  which  I  tried  some  years  ago  I 
found  that  a  very  common  kind  of  straw  paper  gave  greatly  the 
Ijest  results.  I  judge  firom  tlie  appearance  of  this  paper  it  is  rag 
paper. 

Mr.  Latimer  Clark,  after  an  examination,  pronounced  it  to  be 
n»g  paper. 

The  Chairman  :  I  have  to  ask  you  now  to  express  your  thanks 
^  the  authors  of  the  papers  which  have  been  read  to-night,  which 
l^ve  been  of  great  value.  It  is  right  that  we  should  remember 
that  Mr.  Cidley,  in  communicating  his  paper,  has  set  an  example 
Worthy  of  imitation  by  others  occupying  a  similar  position,  in 
living  made  public  for  our  benefit  the  results  which  he  has 
obtained  in  his  official  investigations,  which  might  otherwise  have 
l^n  buried,  without  any  one  having  any  right  to  complain,  in  the 
records  of  the  Post  Office. 
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The  foDowing  Candidates  were  balloted  for  and  declared 
elected : — 


As  Member  : — 

R.  Vicars  Boyle,  C.S.L  . 

As  Associates  : — 
John  Donald  . 

Edwin  Laurie 
Alex.  McKinney     . 

Edwin  Wilde 
The  Meeting  then  adjourned. 


.     Yokohama,  Japan. 

.     Postal  Telegi'aphs,  Strj 

raer. 
.     Postal  Telegraphs,  G.P 

.     Postal  Telegraphs,  Ms 

Chester. 
.     Postal  Telegraphs,  Lee< 
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ON  THE  USE  OF  ELECTRO-MAGNETIC  INDUCTION  IN 

CABLE  SIGNALLING. 

By  G.  K.  Winter,  F.RA.S., 
Telegraph  Engineer,  Madras  Bailway. 

It  will  doubtless  be  remembered  by  most  Telegraph  Engineers 
that  at  the  Brighton  meeting  of  the  British  Association  I  brought 
forward  a  subject  connected  with  signalling  on  submarine  cables 
*hat  I  thought  had  not  received  the  attention  it  deserved.  This 
*^ject  was  the  use  of  an  induction  coil  at  the  receiving  end  of  a 
^We,  the  current  from  the  cable  being  made  to  pass  through  the 
Pnmary  wire,  and  the  currents  generated  in  the  secondary  wire 
l^ing  used  for  working  the  receiving  instrument 

There  was  one  point  connected  with  my  experimente,  and  passed 
^^er  as  a  matter  of  course  in  my  paper,  which  seems,  nevertheless, 
^  liave  been  misunderstood — I  refer  to  the  fact  that,  having  a 
Primary  wire  adapted  as  to  its  length  and  resistance  for  making 
tile  most  of  the  received  current,  you  may  fill  up  the  space  to  be 
Occupied  by  the  secondary  wire  with  wire  of  any  diameter,  so  long 
as  you  use  a  galvanometer  or  other  receiving  instrument  of  an 
appropriate  resistance ;  in  other  words,  the  secondary  coil  must  be 
treated  as  a  distinct  rheomotor,  and,  therefore,  according  to  a  well- 
known  law,  the  resistance  of  the  galvanometer  should  be  equal  to 
that  of  the  secondary  coil. 

The  resistance  of  my  primary  wire  was  about  2,500  units,  and, 
as  explained  in  my  paper,  the  resistance  of  the  secondary  coil  and 
the  galvanometer  were  about  2*5  units  each.  It  is  manifest  that 
signals  even  from  a  strong  battery,  if  passed  through,  say,  20,000 
unitH,  would  scarcely  affect  such  a  galvanometer ;  whereas,  if  the 
same  signals  were  passed  through  the  primary  wire  of  the  above- 
mentioned  induction  coil,  this  same  galvanometer  would  be  specially 
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adapted  to  show  the  currents  generated  in  the  thick  secondary  wire. 
A  galvanometer,  however,  of  the  same  dimensions,  wound  with 
2,500  units  of  fine  wire,  would  be  far  more  strongly  affected  by 
the  direct  signals  than  the  thick  wire  galvanometer  would  be,  even 
when  joined  to  the  secondary  wire  of  the  induction  coil. 

The  induction  coil  is  not,  therefore,  able  to  increase  the  obtainable 
strength  of  signals,  but,  if  wound  as  mine  was,  it  is  able  to  convert 
signals  that  require  a  high  resistance  instrument  to  show  tliem 
into  others  that  are  best  shown  bv  one  with  low  resistance.  Tliere 
are  some  instruments  that  are  essentially  low  resistance  instru- 
ments, and  which  cannot  be  modified  in  this  respect  as  galvano- 
meters can.  Such  instruments  would,  of  course,  be  useless  as 
direct  receiving  instruments  from  long  circuits,  but  would  be 
rendered  available  for  tliis  purpose  by  means  of  the  induction  coil, 
just  as  my  galvanometer  of  2^  units  resistance  was  in  my  experi- 
ments in  April  1872. 

My  chief  object,  however,  in  writing  the  present  paper,  is  to  make 

known  an  important  improve- 
ment I  have  made  in  the  use  of 
the  induction  coil  in  cable  signal- 
ling. Tlie  great  disadvantage 
in  the  use  of  the  induction  coil 
is  the  so-called  magnetic  Tetarda-- 
tion  experienced  by  the  cable 
current  in  passing  through  the 
primary  wire.  This  magnetic 
retardation  is  caused  by  self-in- 
duction in  the  primary  wire; 
any  change  in  the  current  pass- 
ing through  the  wire  tends  to  produce  a  current  in  tlie  opposite 
direction  to  such  a  change,  and  in  this  way  rapid  changes  are,  as  it 
were,  clogged,  the  effect  being  very  similar  to  an  increase  in  the 
length  of  the  cable ;  and  in  this  way  magnetic  retardation  seems 
a  very  appropriate  name  for  expressing  the  effect. 

A  pretty  experiment,  showing  the  effect  of  tliis  retardation,  may 
be  m.ade  in  the  following  way : — 

Let  G,  fig.  1,  be  an  ordinary  mirror  galvanometer,  with  a  pretty 
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tliick  fibre ;  B  an  clcctro-magnet,  consisting  of  a  largo  bar  of  iron, 
wound  with,  say,  2,500  units  of  No.  30  silk-covered  copper  wire ; 
I  and  r  are  induction  batteries,  consisting  of  lead  plates  in  diluted 
sulphuric  acid ;  K  a  key  with  two  contact  makers ;  and  B  a  battery. 
If,  now,  the  key  is  worked,  signals  will  bo  shown  on  the  galvano- 
meter closely  resembling  tliose  received  from  a  cable.  This  method 
of  making  a  cheap  artificial  cable  has  been  very  useful  to  me  in  my 
experiments,  and  most  probably  may  bo  useful  to  others.  I  may 
add,  that  a  simple  reversal  of  these  arrangements,  placing  the 
induction  batteries  in  the  main  circuit  and  the  electro-magnet  as 
the  shunt,  produces  an  effect  analogous  to  what  takes  place  at  the 
sending  end  of  a  cable,  and  this  constituted  one  of  my  first  methods 
of  forming  a  compensating  circuit  for  applying  duplex  telegraphy 
to  cables. 

Now  replace  the  electro-magnet  by  resistance  of  the  same  amount 
as  the  wire  of  the  electro-magnet,  and  the  character  of  the  signals 
is  immediately  changed.  The  retardation  is  considerably  lessened, 
and  the  effect  is  similar  to  using  a  much  shorter  cable. 

This  magnetic  retardation  is  the  chief  drawback  to  the  use  of 
the  induction  coil.  I  have,  however,  been  able  not  only  to  eliminate 
it  but  to  cause  the  self-induced  currents  which  are  its  cause  to  aid 
in  the  formation  of  signals. 

The  method  is  briefly  as  follows : — The  primary  and  secondary 
wires  of   an   induction    coil   form    two  ^         ^j^ 

alternate  branches  of  a  Wheatstone's 
Bridge,  say,  A  and  B,  fig.  2,  are  these 
branches.  The  other  branches  are  simple 
resistance,  which  may  be  made  to  pro- 
duce balance  when  a  constant  current 
is  flowing.  G  is  the  galvanometer  or 
other  receiving  instrument  The  current 
entering  at  C  divides  between  the  resist- 
ance and  the  primary  wire.  Tlie  in- 
crease of  the  current  through  the  primary 
wire  A  not  only  induces  a  current  in  B,  the  secondary  wire,  in  the 
direction  shown  by  the  lower  arrow,  but  also  causes  a  self-indutecd 
current  to  flow  in  the  direction  of  the  upper  arrow ;  again,  the 
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increase  of  the  current  through  B  not  only  causes  an  induced  curret 
in  A  in  the  direction  of  the  upper  arrow,  but  also  causes  a  sel 
induced  current  to  flow  in  the  direction  of  the  lower  arrow.  Durii: 
the  decrease  of  the  cable  current  tlie  direction  of  the  indu(>^ 
currents  is  reversed.  It  is  this  reversal  of  the  induced  curren 
during  the  decrease  of  the  cable  current  which  gives  value  to  C 
induction  coil  in  cable  signalling.  Now,  the  self-induced  current 
which  in  my  plan  aid  the  formation  of  signals,  are  the  very  can 
of  magnetic  retardation  in  the  ordinary  way  of  using  the  inductia 
coil. 

One  great  advantage  in  the  use  of  the  induction  coil  over  il 
condenser  plan  is  the  much  greater  safety  the  cable  is  placed 
during  the  prevalence  of  those  intense  earth  currents  which  accor 
pany  magnetic  storms.  In  my  paper  on  earth  currents  I  show 
that  the  difference  of  potential  between  the  conductor  and  the  ear 
was  the  greatest  possible  when  only  one  end  of  the  cable  w 
insulated,  and  least,  or  rather  nil,  when  both  ends  were  connected 
earth.  Now,  in  the  way  in  which  cables  are  usually  worked  at  pi 
sent,  the  sending  end  of  the  cable  is  either  connected  direct  to  ear 
or  through  a  small  battery  to  earth,  while  the  other  end  is  insulatu 
by  the  condenser.  In  this  way  the  cable  is,  at  the  receiving  en 
submitted  to  the  greatest  strain  possible.  On  some  lines,  howeve 
the  cable  is  kept  completely  insulated  between  two  condensers,  oi 
at  each  end.  It  is  not  difiicult  to  show  that  at  each  end  of  a 
insulated  conductor  the  electrical  strain  (If  we  may  so  call  i 
between  the  conductor  and  the  earth,  produced  by  earth  current 
would  be  just  half  that  which  would  be  produced  at  an  insulate 
end  when  the  other  end  is  joined  to  earth.  When  using  tl 
induction  coil,  or  my  modification  of  it,  as  a  receiving  apparati 
instead  of  the  condenser,  the  cable  is  joined  to  earth  at  each  en 
through  a  moderate  resistance,  and  is  therefore  nearly  in  its  safe 
possible  state. 
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The  following  particulars  of  the  Iron  Wire  Gauge  have  lately 
been  issued  by  the  Government,  and  are  now  printed  for  the  infor- 
mation of  members  of  the  Society : — 

1.  The  Indian  Telegraph  Iron  Wire  Gauge  depends  on  the 
weight  per  mile  of  the  wire,  from  which  the  resistance,  breaking 
strain,  and  comparative  strain  upon  the  insulators  or  posts  can  be 
all  readily  calculated  in  terms  of  a  unit  size. 

2.  Its  unit*  is  a  wire  weighing  25  lbs.  per  statute  mile. 

3.  All  other  sizes  are  known  by  their  multiple  of  the  unit. 
Thus  any  gauge  n  weighs  w  x  25  lbs.  per  mile. 

4.  The  diameters  may  be  calculated  on  the  supposition  that  a  rod 
1'  in  diameter  and  1  mile  long  weighs  13,833*6  lbs. 

Hence  the  diameter  of  any  gauge  n  of  wire  is 


or 


weight  per  mile 
13833-6 


w  X  25 
13833-6 


<^r    23^5  "^^y- 
5.  The  sectional  area  of  any  gauge  n 

n  X  25      ir 
x-^ 


13833-6     4 

25  X  31416 

13833-6  X  4 

n 


=  n  X 


"^  70f54  ^^'  ^^^^®^  ^®^'^* 
6.  A  long  series  of  tests  has  shown  that  the  average  resistance 

*  It  has  been  proposed  that  the  tinit  Rhonld  be  a  wire  of  100  lbs.  per  mile,  and 
the  sizes  known  bj  tne  mnltiples  of  hundreds  and  fractions.  Thus  wire  weif^hing 
7501bfl.  per  mile  wonld  be  7^.  This  plan,  howeyer,  although  possessing  the  advan- 
tage of  conreying  a  definite  idea  of  size,  was  found  to  neutralize  the  simplicity  of 
•U  the  connected  equations. 
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of  wiro  weighing  600  lbs.  per  mile,  or  No.  24,  is  about  10*5  olii 
per  mile  at  80°  F. 

Hence,  as  the  resistance  of  wire  varies  inversely  as  its  weigl:».  "t, 
the  resistance  per  mile  of  any  gauge  n  of  wire  at  80°  F.  will  be 

—  X  10-5 
n 

252    ,        . 
=  —  ohms.* 
n 

7.  For  wire  of  a  quality  equal  to  that  of  the  Indian  Standa 
Specification,  the  breaking  strain  (which  varies  as  the  sectio 
area  and  therefore  as  the  weight)  is  equal  to  the  weight  of  3 J  mil 

of  itself, 

,,      1000 
or     =  lbs.  -    Q    n. 

8.  As  wire  is  generally  erected  at  J  breaking  strain,  the  workii 
strain  on  the  wire,  and  the  strain  on  a  terminal  insulator,  will  b^ 

=  lbs.  i  (^)  n 

=  lbs.  21  n  nearly. 

9.  At  an  angle  post,  where  <f>  is  the  supplement  of  the  an^ 
contained  by  the  wire,  the  resultant  strain  on  the  insulator  is 

2  X  working  strain  of  wire  x  cos      -  -^ — ■ 


i-J 


-r^a 


=  2  X  21  w  X  COS 
=  42n  sin  ^  lbs. 


(90-  - 1) 


This  form  is  the  most  convenient  if  a  table  of  sines  be  at  haiw-  ^* 
If,  however,  such  a  table  be  not  available,  then  the  followir^^S 
expression  for  the  resultant  strain  can  be  employed,  viz. — 

22  =  2\n  v^2~(r^cos<^)lbs. 

and  the  cosine  can  be  found  by  direct  measurement  on  the  grounc  ^5 
as  follows : — 

Measure  1000  inches  =  83'  4''  with  a  tape  from  the  angle  po^  ^ 

♦  It  is  to  bo  romemberetl  that,  according  to  Mathiesscn,  the  resistance  will  t«*I^ 
•39  per  cent,  per  degree  Fahrenheit. 


< 
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in  the  direction  of  the  old  alignmont,  and  from  the  point  thus 
found  lay  off  a  perpendicular  intercepting  the  new  alignment. 
Lei  X  be  the  number  of  inches  in  the  perpendicular  intercepted 

between  the  two  alignments.     Then,  as  tan  =  ttx/xRj  the  direct 

measurement  of  x  in  inches  will  give  the  tangent  correct  to  3 
{>laccs  of  decimab. 

1 


But  cos  = 


y/l  4-  tan2 
1 


cos  = 


\/l  + 


10« 


lO.  It  will  be  found  by  calculation  that  1  ton  of  wire  weighing 
25  lbs.  per  mile  is  157,696  yards  or  89*6  miles  long. 

Hence 

1  ton  of  any  gauge  n  of  wire  measures  -^ —  miles, 

1  cwt.  „  „  „  miles  ; 

^^>  allowing  a  working  margin  for  waste,  &c., 

1  ton  will  pay  out  —  miles, 

1  cwu        „         „  „ 

/c  « 

11.  The  accompanying  table  gives  every  possible  detail  that  can 
*^^  required  for  every  size  from  No.  1  to  No.  50,  but  it  must  be 
Merely  considered  as  a  list  of  calculations  that  have  been  made,  and 
^ot  as  the  table  of  the  gauge.  It  need  never  be  referred  to  if  the 
Jibove  simple  formulae  be  remembered.  These  are  now  repeated 
^or  ready  reference. 

I.  Weight  per  mile  =25/1  lbs. 

IL  Diameter  =  ^^^  inches  nearly. 

III.  Sectional  area  =  hqa.^  square  inches  nearly. 
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252 
rV.  Resistance  at  80°  F.        =  ohms,  per  mUe. 

V.  Breaking  strain  =      ^nlbs.   or   3^  its  weig;^^ 

per  mile. 

(Strain  on  a  Terminal  ) 

VL  J         T      1  X  }==  21  nibs,  nearly. 

(         Insulator  )  -^ 

i  Strain  on  an  Anffle      [=  42n  sin  ^Ibs.,  or 
Insulator  {=  21n  ^^2  (1  -  cos  ^). 

85 
VIIL  1  ton  pays  out  —  miles. 

1  cwt.       ,, miles. 

H.  MALLOCK, 
Director  of  Construction. 
Approved, 

D.  G.  ROBINSON,  Col.  R.E., 

Director- General  of  Telegraplis  in  India. 
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Indian  Telegraph  Iron  Wire  Gauge. 


Weight  in  Ibe. 

per 

Area  of 
section 

In  loAoo 
sq.-inehes. 

v^    ■    « 

Ratio  of  the 

Diameter 
inches. 

Breaking 

strain  in 

lbs. 

Resistance 

per  mile  in 

ohms  at 

80OF. 

resistance  in 

Mile. 

Yard. 

Foot 

terms  of 

No.  50 

wire. 

25 

•0142 

•0047 

42 

14 

83 

25200 

50000 

50 

•0284 

•0095 

60 

28 

167 

12600 

25-000 

75 

•0426 

•0142 

75 

43 

260 

8400 

16-667 

100 

•0568 

•0149 

85 

57 

333 

6300 

12-500 

125 

•0710 

•0237 

95 

71 

417 

5040 

10000 

150 

•0852 

•0284 

104 

85 

500 

4200 

8*333 

176 

•0994 

•0331 

112 

99 

583 

36-00 

7143 

200 

•1136 

•0379 

120 

114 

697 

3160 

6-250 

225 

•1278 

•0426 

127 

128 

750 

28^00 

6-566 

250 

•1420 

•0473 

134 

142 

833 

26-20 

6000 

275 

•1662 

•0521 

140 

156 

917 

22-91 

4545 

300 

•1705 

•0568 

147 

170 

1000 

2100 

4167 

325 

•1847 

•0616 

153 

184 

1083 

19-56 

3-846 

350 

•1989 

•0663 

159 

198 

1167 

1800 

3-572 

375 

•2131 

•0710 

166 

213 

1250 

16-80 

3334 

400 

•2273 

•0758 

170 

227 

1333 

15-76 

3126 

425 

•2415 

•0805 

175 

241 

1417 

14-82 

2941 

450 

•2557 

•0852 

180 

255 

1500 

1400 

2^778 

475 

•2699 

•0900 

185 

270 

1583 

13-26 

2632 

500 

•2841 

•0947 

190 

284 

1667 

12-60 

2600 

525 

•2983 

•0994 

196 

298 

1750 

1200 

2381 

550 

•3125 

•1042 

200 

312 

1833 

11-45 

2-273 

575 

•3267 

•1089 

204 

326 

1917 

1096 

2174 

600 

•3409 

•1136 

208 

341 

200Q 

10-60 

2084 

625 

•3551 

•1184 

212 

355 

2083 

10-08 

2-000 

650 

•3693 

•1231 

217 

369 

2167 

9-78 

1-923 

675 

•3835 

•1278 

221 

383 

2250 

9-33 

1-852 

700 

•3977 

•1326 

225 

397 

2333 

900 

1-786 

725 

•4119 

•1373 

229 

412 

2417 

867 

1724 

750 

•4261 

•1420 

233 

426 

2500 

840 

V667 

775 

•4403 

•1468 

237 

440 

2683 

8-13 

1-613 

800 

•4545 

•1515 

240 

454 

2667 

7-87 

1563 

825 

•4687 

•1562 

244 

468 

2760 

7-64 

1615 

860 

•4830 

•1610 

248 

483 

2833 

7-41 

1^471 

875 

•4972 

•1657 

251 

497 

2917 

7^20 

1-429 

900- 

•5114 

•1704 

256 

511 

3000 

700 

1-389 

925 

•5256 

•1752 

258 

525 

3083 

6-81 

1352 

950 

•5398 

•1799 

262 

539 

3167 

6^63 

1-316 

975 

•5540 

•1846 

265 

554 

3256 

646 

1-282 

1000 

•5682 

•1894 

269 

568 

3333 

6-30 

1-250 

1025 

•5824 

•1941 

272 

582 

3417 

6-15 

1-220 

1060 

•5966 

•1989 

275 

596 

3500 

600 

1-191 

1075 

•6108 

•2036 

279 

610 

3583 

5-80 

1-163 

1100 

•6252 

•2083 

282 

624 

3667 

5-73 

1-137 

1125 

•6394 

•2131 

285 

639 

3750 

5  60 

1-111 

1150 

•6536 

•2178 

289 

653 

3833 

5-48     . 

1087 

1175 

•6678 

•2225 

291 

667 

3917 

5-36 

1064 

1200 

•6820 

•2273 

294 

681 

4000 

5-25 

1042 

1225 

•6962 

•2320 

297 

095 

4083 

5-14 

1021 

1250 

•7104 

•2367 

300 

710 

41C7 

504 

1000 

112 
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A  METHOD  OF  DUPLEX  WORKING. 

The  method  of  duplex  working  described  in  the  following  paper 
can  bo  worked  successfully  on  land  lines  tliree  or  four  hundred 
miles  in  length,  provided  the  insulation  is  moderately  good. 

The  idea  occurred  to  me  while  making  some  experiments  in  con- 
nection with  duplex  telegraphy.  I  tried  it  with  success  under 
rather  unfavourable  conditions,  but  do  not  claim  for  it  any  superi- 
ority over  existing  methods. 

The  distinctive  feature  of  the  system  is  that  I  i;so  two  relays 
instead  of  one. 

My  first  experiments  were  made  through  large  artificial  resistances. 
I  then  worked  from  Kurrachee  to  Gwadur,  a  distance  of  407  miles, 
and  also  from  Kurrachee  to  Ormara  and  back,  a  circuit  of  440 
miles  in  length.  Through  210  miles  of  land-line  tlie  working  was 
still  more  satisfactory. 

There  was  but  one  condenser  available,  and  that  at  the  Kurrachee 
end  of  the  line ;  I  therefore  instructed  Gwadur  to  use  as  a  substi- 
tute the  land-line  between  that  place  and  Charbar,  a  length  of  about 
100  miles.  The  absence  of  condensers  of  proper  capacity  rendered 
it  difficult  to  exactly  neutralise  the  return  current,  but,  notwith- 
standing this,  good  results  were  obtained  over  the  above-mentioned 
lengths. 

The  connections  are  shown  in  the  accompanying  diagrams  : — 

Diagram  1 . 


^Sa^ 


During  the  passage  of  a  current  the  tongue  t  of  each  Relay  is  attracted  towards  that 

side  on  which  the  positive  current  enters. 
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One  of  the  relays  R^  (diagram  1)  is  in  connection  with  the  lino, 
and  the  second  relay  B^  makes  earth  through  a  resistance-box  W, 
in  which  is  unplugged  a  resistance  approximating  to  that  of  the  Ihio. 
Absolute  accuracy,  however,  in  this  respect  is  unnecessary.  On 
pressing  the  key  the  current  divides  itself  through  the  two  relays, 
one  portion  passing  to  eaiiJi  through  the  resistance-box,  the  re- 
mainder traversing  the  line  relay  towards  the  distant  station. 
When  the  connections  are  arranged  as  in  diagram  1,  the  outgoing 
current  opens  the  local  circuit  in  H^  and  closes  it  in  B^,  but  as 
these  actions  take  place  simultaneously  the  local  circuit  is  never 
completed  by  the  outgoing  cuiTent. 

The  line  relay  R^  is  adjusted  with  the  tongue  t  pressing  so  firmly 
against  the  local  contact-point  c  that  the  outgoing  current  will  only 
just  draw  it  back  to  the  agate-stop  a ;  the  left-hand  relay  R^  is  ad- 
justed as  if  for  ordinary  working. 

When  receiving,  the  current  from  B,  on  arrival  at  station  A, 
enters  the  line  relay  at  2,  drawing  the  tongue  t  still  more  firmly 
against  the  contact-point  c ;  relay  B^  is  consequently  undisturbed 
by  the  passing  of  the  current,  which  completes  the  local  circuit  by 
dosing  Bj,  and  thus  causes  the  signal  to  be  recorded  on  the  tape. 

It  will  thus  be  seen  that,  while  sending,  both  relays  are  acted  on 
without  closing  the  local  circuit,  and,  while  receiving  the  current 
from  B,  has  only  to  work  one  relay,  that  is  Bg,  as  in  ordinary  single 
working. 

Now  suppose  the  key  at  A  depressed,  relay  Bj  is  now  per- 
manently closed,  while  B^  is  open  witli  the  tongue  resting  very 
lightly  against  the  agate-stop,  but  susceptible  of  being  closed  by 
any  current  arriving  from  B.  Immediately  the  key  at  B  is  pressed 
the  local  circuit  at  A  is  completed  by  the  closing  of  B^,  and  the 
sender  at  B  can  continue  to  record  signals  by  acting  on  Bj  with  as 
little  difficulty  as  when  working  the  other  relay ;  the  depression  of 
the  key  compels  the  incoming  current  to  work  the  right-hand  relay 
instead  of  the  left. 

Now  supposing  B  to  be  in  tlie  middle  of  a  signal  when  I  press 
down  my  key,  botli  relays  are  already  closed,  and  my  current 
assists  still  further  in  closing  B^,  but  is  quite  unable  to  open  Bi 

VOL.  m.  H 
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until  B  takes  his  current  oflP;  the  signals  from  B  therefore  continue 
unbroken. 

If  while  sending  you  record  your  own  signals  the  outgoing 
current  does  not  open  the  local  circuit  in  R| ;  if  on  the  contraiy  you 
record  reversed  signals  the  left  relay  requires  opening. 

Diagram  2. 


In  diagram  2  certain  modifications  are  shown  which  have  for 
their  object  the  cutting  out  of  circuit  the  branch  resistance  and  the 
lino  relay  when  the  key  is  in  its  normal  position,  the  left  relay 
being  then  the  only  resistance  left  in  circuit  at  the  receiving 
station.  When  the  key  is  depressed  the  branch  resistance  and  line 
relay  are  tlu'own  into  circuit,  but  short-circuited  again  immediately 
the  key  leaves  the  copper  contact ;  tlie  ebonite  screw  p  is  adjusted 
so  as  to  break  contact  between  the  springs  s  s  just  before  the 
battery  is  connected  to  the  line. 

This  arrangement  in  no  way  interferes  with  the  duplex  working, 
and  dispenses  with  the  necessity  of  making  any  change  in  the  con- 
nections if  it  is  desired  to  resort  to  single  working  for  a  time. 

H.  C.  Mange. 
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In  March,  1873,  Mr.  W.  E.  Ayrton  read  a  paper,  entitled  "  On 
some  Points  in  connection  witli  the  Indian  Telegraphs,"  before  the 
Society  of  Telegraph  Engineers.  This  paper  is  published  in  No.  5, 
voL  ii.  of  the  Jonmal  of  the  Socieiy. 

Mr.  Ayrton  first  refers  to  the  application  of  Mr.  Schwendler's 
formula  for  reducing  the  apparent  or  observed  resistance  of  either 
insuktion  or  conductivity  to  its  true  value.  Soon  after  the  pub- 
lication of  Mr.  Schwendler's  formula  I  applied  it  in  the  measure- 
ment of  insulation  and  conductivity  of  overland  lines,  but  never 
fomid  it  to  agree,  or  even  approximate,  to  the  result  of  a  careful 
measurement,  taken  under  circumstances  where  the  insulation  re- 
sistance was  so  large  as  not  to  affect  the  result,  as  measured  in  the 
ordinary  manner ;  tliat  is,  to  take  the  mean  of  the  observed  resist- 
Mice  with  alternating  poles  of  the  battery. 

Mr.  Schwendler's  formula  is  based  upon  the  supposition  that  the 
insulation  conductivities  are  imiformly  distributed  tlu'oughout  the 
line,  a  condition  of  affairs  tliat  never  exists  in  this  country  except 
in  dear  or  cold  weather,  and  when  the  escape  of  current  by  the 
insulators  is  so  small  as  not  to  enter  into  the  result. 

In  summer,  long  lines  are  often  affected  by  local  showers :  it 
nuiy  be  clear  on  some  portions,  and  raining  at  others.  During 
general  rains,  "  north-east  storms,"  humidity  that  afifects  insulators 
is  very  unevenly  distributed — raining  in  some  portions  and  only 
cloudy  ID  others.  The  conductivity  of  insulation  is  never  stationary 
nnder  these  circumstances,  but  as  varying  as  the  amount  of  rainfall 
*t  different  intervals.  I  refer  to  the  ordinary  glass  insulators  of 
ttis  country. 

On  very  old  wires,  whose  resistance  is  great  through  bad  joints, 
^nductivity  is  immensely  improved  by  rain  or  dampness.  So 
4at,  in  my  experience,  it  is  idle  to  attempt  the  measurement  of 
^re  resistances  or  line  conductivities,  except  by  short  sections  or 
nnder  fevourable  conditions  of  weather. 

Mr.  Ayrton  says,  "  We  have  learned  two  very  important  facts," 
<*ne  of  which  is,  "  that  the  insulation  of  sections  varies  enormously 

u2 
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under  the  same  climatic  influences."  If  this  be  true,  how  do  they 
arrive  at  tlie  real  conductivity  of  the  wire  ?  It  also  speaks  badly 
for  the  insulators,  provided  we  are  to  understand  by  the  term 
^^  same  climatic  influence  "  that  there  is  sensible  leakage  on  any 
portion  in  clear  weather. 

A  porous  porcelain  insulator  conducts  in  clear  weather ;  a  glass 
insulator  under  same  circumstances  does  not  By  this  is  meant, 
when  both  are  exposed  to  tlie  sun's  rays  and  not  affected  by 
moisture  on  the  surface. 

Mr.  Ayrton  enters  into  a  calculation  by  which  he  is  led  to 
beUeve  the  consumption  of  battery  material  is  increased,  in  his 
particular  case,  60  per  cent  by  the  introduction  of  the  1  per  cent 
of  bad  insulators.  This  calculation  leads  to  erroneous  results, 
inasmuch  as  it  is  based  upon  tlie  supposition  that  there  is  no  con- 
sumption when  the  circuit  is  open  or  the  exterior  resistance  is 
infinite.  Consumption  of  material  is  going  on  when  the  circuit  is 
open,  and  this  is  particularly  the  case  with  the  kind  of  battery  he 
refers  to  as  used  in  India,  the  Menotti. 

In  our  country  this  battery  without  the  intervening  layer  of 
sand  or  sawdust  is  most  used.  It  is  best  adapted  to  our  mode  of 
working  the  closed  circuit  system.  The  size  of  the  elements  is 
sufficient  to  bring  the  resistance  down  to  five  and  sometimes  two 
Siemens'  units  per  cell.  I£  the  battery  is  much  worked  this  fact 
tends  to  keep  tlie  solutions  separate.  The  more  wires  worked 
from  the  same  batterj',  or  the  less  the  exterior  resistance,  the  less 
the  local  action,  and  in  this  sense  the  more  it  is  worked  the 
greater  the  economy. 

It  answers  admirably  for  working  many  lines  from  the  same 
batterv. 

This  battery  is  called  the  Callaud,  and  is  essentially  the  same  as 
used  bv  the  French  at  their  central  station  in  Paris. 

Mr.  AjTton  describes  the  manner  of  testing  insulators  at  the 
factory  and  upon  tlieir  arrival  in  Bombay,  showing  the  great 
care  bestowed  upon  the  insulation. 

Are  the  benefits  derived  commensurate  with  the  care  bestowed? 

This  question  was  put  in  another  form  by  Mr,  Proece,  and  the 
answer  of  Mr.  Ayrton  is,  "  In  dry  weather  the  insulation  varied 


INDIAN  AND  AMERICAN  TELEGRAPHS.  U7 

fipom  five  millions  a  mile  to  over  three  hundred,  in  wet  weather 
it  was  as  low  as  half  a  million  ;"  and  that  "  the  average  was  two 
to  three  millions  in  wet  weather." 

I  infer  that  better  results  are  obtained  in  tliis  country  with  our 
poorest  insulation.  In  measuring  say  100  miles  we  seldom  find  it 
as  low  as  one  million  per  mile  in  rain.  Leaving  out  the  city 
portions,  it  will  run  as  high  as  eight  and  seldom  as  low  as  four 
millions. 

If  we  measure  the  insulation  from  this  city  to  New  York,  the 
insulation  of  the  same  wire  will  measure  twice  as  high  when  taken 
firom  the  outskirts,  and  say  six  miles  of  city  lines  excluded  as 
compared  to  the  entire  line,  including  city  portion,  where  the 
measure  is  taken  from  the  central  station. 

The  insulation  in  cities  is  greatly  reduced  by  smoke  and  gases 
of  combustion  which  "short-circuits"  the  insulation,  making  die 
result  appear  below  the  average.  Again,  measuring  from  the 
country  into  a  ciiy,  where  the  insulators  are  thus  affected,  the 
results  appear  above  the  average.  Comparing  the  insulation  of 
the  lines  in  India,  I  should  infer  they  could  be  improved  by  using 
the  common  insulator  of  this  country. 

As  regards  progress  in  insulation,  are  they  to  bo  compared  with 
many  lines  in  tliis  country  that  average  at  least  one  hundred 
millions  per  mile  in  rain  ?  We  have  thousands  of  miles  of  such 
lines  in  which  I  have  a  personal  interest,  and  it  would  be  out  of 
place  for  me  in  this  article  to  refer  to  them  in  detail. 

Earth-plate. 

The  second  "  important  fact "  developed  by  the  mode  of  testing 
in  India  was  that  the  earth-plates  had  "a  high  resistance  and  were 
intensely  polarised."  "  This  was  remedied  by  using  large  copper 
earth-plates  with  leading  wires  insulated  from  the  ground." 

Many  people  think  copper  better  for  ground-plates  than  iron  in 
an  electrical  sense,  but  copper  on  account  of  its  better  conducting 
qualities  possesses  no  advantage  over  iron,  and  zinc-coated  iron  is 
more  economical  and  equally  durable. 

What  advantage  copper  possesses  over  iron  for  ground-plates  I 
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am  unable  to  see.  A  ground-plate  is  simply  a  joint  between  two 
conductors,  the  wire  and  tlie  earth,  the  latter  specifically  being  a 
very  poor  conductor.  If  the  sections  of  an  iron  and  copper  wire 
were  joined,  the  iron  being  six  times  as  large  as  the  copper  to 
ensure  equal  conductivity,  the  section  of  iron  in  contact  with  the 
copper  would  not  conduct  sufficiently  to  make  a  joint  equal  in 
conductivity  with  a  section  of  either  the  iron  or  the  copper  wire. 
Bnt  if  we  enlarge  the  end  of  the  copper  so  as  to  cover  the  section 
of  the  iron  then  the  joint  has  a  capacity  for  conduction  equal  to  a 
section  of  either.  We  can,  after  understanding  the  nature  of  this 
joint,  draw  upon  the  imagination  to  form  an  idea  how  immensely 
an  iron  wire  must  bo  enlarged,  and  the  extent  of  surface  exposed, 
to  fulfil  the  conditions  of  a  joint  with  the  earth.  Supposing  the 
earth  in  contact  with  the  plate  to  be  one-fourth  saturated  or 
contain  one-fourth  moisture,  tlie  plate  would  require  at  least  ten 
thousand  square  feet  of  surface  in  contact  with  the  earth  to  ensure 
a  joint  electrically  perfect,  or  equal  to  a  section  of  No.  8  iron 
wire. 

With  perfect  joints  the  immense  section  of  the  earth,  considered 
as  a  conductor,  adds  nothing  to  the  resistance  ;  or,  in  other  words, 
if  we  make  two  perfect  joints  with  the  earth,  there  is  nothing 
added  to  the  resistance  of  the  circuit. 

The  defects  of  ground-plates  in  connection  with  lightning-rods 
liave  been  much  discussed  by  the  meteorological  section  of  the 
Franklin  Institute  of  this  city  latterly.  It  has  been  the  custom  to 
terminate  lightning-rods  in  dry  earth,  often  without  any  plate 
attached.  It  is  the  belief  of  those  who  have  given  the  subject 
much  attention  that  rods  thus  constructed  are  the  cause  of  more 
harm  than  protection. 

Every  summer  many  valuable  bams  with  their  contents  are 
destroyed,  and  in  a  majority  of  cases  these  bams  are  supplied  witli 
rods  improperly  connected  witli  the  earth.  These  rods  draw  the 
discharge  from  the  clouds,  and,  there  being  insufficient  means  of 
getting  fi'om  the  rod  to  the  earth,  the  charge  flies  to  neighbouring 
conductors,  often  log-chains,  ploughs,  cart-tyres,  or  otlier  metallic 
substances,  igniting  the  combustible  material  with  which  these 
bwldings  are  stored. 
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As  an  experiment,  two  plates,  containing  nine  square  feet  of 
surface  each,  were  buried  fifty  feet  from  each  other,  using  the  two 
plates  and  the  earth  as  a  portion  of  the  circuit.  They  gave  a 
resistance  of  150  Siemens'  units.  Allowing  a  stream  from  a  hy- 
drant to  flow  directly  over  each  plate,  with  holes  in  the  ground 
above,  so  as  to  completely  saturate,  the  resistance  of  these  plates  or 
rather  the  earth  in  contact  was  reduced  to  32  units,  or  16  units 
each,  compared  to  an  entire  metallic  circuit  of  No.  10  wire,  100 
feet  in  length.  By  substituting  50  feet  of  wire  in  place  of  the 
earth,  total  resistance  was  reduced  32  units. 

Instead  of  lightning-rods  being  connected  to  the  earth  in  an 
electrical  sense,  they  are,  in  truth,  insulated  from  the  earth. 

People  have  often  found  it  difficult  to  work  short  lines  of  tele- 
graph in  this  country  where  the  earth  was  used  as  a  portion  of  the 
circuit,  and  connection  was  made  or  attempted  by  an  ordinary 
ground-plate,  exposing  insufficient  sui'face. 

The  writer  was  called  to  explain  a  difficulty  of  this  kind 
about  two  years  ago.  A  line,  one  mile  and  a  half  in  length,  con- 
necting a  factory  with  the  proprietor's  residence,  was  constructed 
with  type-printing  instruments.  They  failed  to  work,  from  insuffi- 
cient current.  The  battery  had  been  increased  to  100  cells,  the 
ground-plates  overhauled  and  replaced  with  pure  copper  of  in- 
creased surface,  but  all  to  no  purpose,  the  apparent  current  was 
feeble. 

The  resistance  of  this  line  including  the  earth-connections  was 
found  to  be  1600  units.  Owing  to  the  dryness  of  the  soil  the 
earth-plates  made  poor  connection.  Within  a  hundred  yards  of 
each  terminal  there  happened  to  be  a  railway  track;  connection  was 
made  to  this  track,  and  the  strength  of  current  increased  thereby 
to  the  extent  that  ten  cells  were  ample  to  work  the  line. 

A  railway  track,  as  the  rails  are  joined  in  this  country,  makes  a 
perfect  ground  even  when  the  earth  is  dry,  owing  to  the  inunense 
surface  in  contact. 

A  ground-plate,  as  usually  constructed  in  this  country,  seldom 
interposes  sufficient  resistance  to  affect  ordinary  lines.  Tlie  longer 
the  wire  or  tlie  greater  the  resistance,  the  loss  the  effect  in  tlio  pro- 
portion this  resistance  bears  to  the  total  resistance  of  the  circuit. 
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In  this  sense  also  the  polarization  of  the  ground-plates  is  small, 
in  proportion  as  tlie  resistance  of  tlio  line-wire  and  instruments  is 
large.  In  the  case  of  the  India  lines  or  circuits  of  500  miles,  I  am 
unable  to  see  how  its  effects  are  even  appreciable.  Insuhiting  the 
wire  leading  to  the  plate  to  prevent  it  would  do  so,  so  far  as  this 
action  is  local,  or  confined  within  the  limits  of  the  plate  and  its 
connecting  wire. 

How  this  effect  could  now  be  shown  on  the  instruments  of  the  line, 
were  tlie  leading  wires  uninsulated,  I  am  unable  to  comprehend. 

Signalling. 

The  portion  of  Mr.  Ajrrton's  paper  that  elicits  most  remark  in 
this  country  is  as  follows:  "  To  facilitate  this  reading  by  sound, 
the  receiving  signaller  gives  an  acknowledgment  by  sending  a 
dot  at  the  end  of  every  word,  and  the  sending  signaller  continues 
repeating  the  word  until  he  gets  this  acknowledgment." 

By  this  method,  the  receiving  "  signaller  "  would  be  obliged  to 
drop  his  pen  to  acknowledge  every  word  as  transmitted,  or  at  least 
work  under  great  disadvantages.  We  are  unable  to  see  how  two 
good  operators  could  by  this  method  get  more  than  twenty  mes- 
sages per  hour  over  a  line,  these  messages  to  average  twenty  words 
each,  while  by  our  method  of  closed  circuit  forty  messages  per 
hour  is  a  moderate  rate  of  speed.  The  sounder  by  the  American 
plan  responds  to  every  touch  of  the  sending  operator.  Any 
accident  or  change  in  the  condition  of  the  line  involves  a 
change  of  adjustment  of  his  relay.  If  such  change  takes  place 
either  by  increase  or  decrease  of  current  the  sending  operator 
pauses  for  a  reply  from  the  receiving  operator.  On  the  circuits 
where  much  business  is  performed  the  operator  sends  for  hours 
without  a  reply,  yet  he  has  assurance  that  every  word  is  being 
correctly  received.  Especially  is  this  the  case  when  despatches 
are  going  in  the  other  direction  from  the  same  station.  The 
sending  operator  is  assured  of  the  correct  transmission,  otherwise 
he  would  be  advised  by  the  otlier  wires.  So  it  is  not  the  custom 
in  this  country  to  stop  sending  merely  for  the  purpose  of  ascer- 
taiuing  wJiofcher  the  despatches  are  correctly  received.     Whenever 


INDIAN  AND  AMERICAN  TELEGRAPHS.  121 

tiie  Bending  operator  stops  and  closes  the  circuit,  then  the  receiving 
operator  replies  or  acknowledges. 

By  the  duplex  system,  lately  introduced,  this  method  is  increased. 
We  may  say  the  average  is  from  60  to  70  messages  per  hour  on  a 
single  wire. 

I  would  like  to  hear  from  Mr.  Ajrrton  how  this  speed  of  trans- 
mission compares  with  that  of  the  Indian  lines. 

Perhaps  a  more  pertinent  question  would  be,  Do  those  interested 
in  the  Indian  lines  get  as  great  a  return  for  their  expenditure  in 
erecting  and  operating  a  No.  1  or  No.  3  wire  by  their  method  as 
obtained  in  this  country  with  lines  of  equal  length,  but  of  less  than 
one-third  the  size,  and  the  American  method  ? 

If  I  am  able  to  judge  fairly  I  should  say  lines  in  this  country, 
costing  half  as  much  as  the  Lidian  lines,  do  twice  or  more  than 
twice  the  business. 

The  methods  of  operating  and  maintaining  the  Indian  lines  are 
referred  to  in  the  light  of  progress  or  advancement  in  telegraphy — 
we  are  considering  them  in  that  sense  from  an  American  stand- 
point 

In  the  discussion  following  Mr.  Ayrton's  paper,  Mr.  Preece 
states  ^Hhat  sounders  had  been  introduced  almost  entirely  in 
America." 

As  early  as  1860  nine-tenths  of  the  instruments  in  the  larger 
and  more  important  stations  were  sounders,  and  now  there  is 
scarcely  a  Morse  recorder  to  be  fomid  in  any  of  these  stations. 

The  recording  instruments  are  used  only  to  a  very  limited 
extent,  in  the  way-stations  of  railway  lines  where  the  least  business 
is  performed.  They  are  used  by  operators  who  are  learners  until 
they  are  able  to  read  by  sound. 

In  the  year  1850  "Jemmy"  Leonard,  of  Louisville,  got  the 
reputation  of  being  the  most  expert  "  receiver  "  in  the  country, 
and  entirely  by  ear.  Since  that  time,  or  soon  after,  it  became  the 
ambition  of  operators  to  emulate  Leonard,  and  receiving  by  sound 
from  that  date  has  been  popular. 

In  1852  I  designed  the  first  sounders  used  upon  the  lines  of 
which  I  had  charge.  They  are  now  made  with  from  4  to  8  units 
resistance,  and  usually  worked  by  two  cells  Callaud  battery. 
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In  the  years  1867-8  Mr.  Varley  made  a  report  on  the  Hues  of 
tlie  Western  Union  Company.  In  speaking  of  relays  he  says, 
^^Keep  down  the  resistance  of  everything  is  a  golden  rule  in 
telegraphy."  He  found  the  relays  in  the  New  York  office  "  to  ykty 
from  69  to  1182  ohms,"  and  tliat  "  the  69  ohm  relay  is,  where  it 
should  be,  on  a  long  line  No.  2  Chicago ; "  and  further,  "  The  re- 
sistance should  not  exceed  130  ohms  per  relay,  and  it  will  pay  you 
to  have  them  all  re- wound."  Acting  upon  this  advice  the  resistance 
of  the  relays  was  reduced. 

For  circuits  of  one  hundred  to  two  hundred  miles  they  averaged 
about  50  um'ts,  and  from  100  to  200  cells  of  Grove  battery  were 
required  to  work  the  lines. 

Mr.  Ayrton  says,  in  speaking  of  relays,  "  We  have  not,  however, 
used  any  relays  having  more  than  about  3,600  or  4,000  ohms 
resistance."  I  merely  refer  to  these  opinions  to  show  that  ^^  doctors 
disagree,"  and  that  there  is  no  question  upon  which  we  have  such 
a  diversity  of  opinions  as  upon  the  proper  resistance  of  tlie  relay. 
I  would  like  much  to  see  a  relay  made  to  ftilfil  the  requirements  as 
demonstrated  by  Eisenlohe,  Dumoncel,  and  others. 

The  resistance  of  the  relay,  I  will  venture  an  opinion,  has  much 
less  to  do  with  the  good  working  of  lines,  practically,  than  other 
conditions. 

The  Philadelphia  and  Reading  Railroad  work,  a  circuit  of  140 
miles  with  40  relays,  average  resistance  100  units  each.  This  line 
is  used  in  connection  with  its  traffic  and  the  running  of  trains.  It 
works  well  in  all  weathers,  and  would  were  the  resistance  of  the 
relays  twice  as  large  or  twice  as  small. 

The  Pennsylvania  Central  Railroad  has  three  similar  circuits, 
with  relays  averaging  150  units  each,  at  intervals  of  about  five 
miles;  this  resistance  is  larger  than  necessary,  but  the  excess, 
whatever  it  may  do,  occasions  no  inconvenience. 

With  ordinary  insulation,  or  say  an  insulation  resistance  of  two 
million  units  per  mile,  these  lines  could  not  be  worked  by  our 
American  system  of  closed  circuits,  with  a  battery  at  each  terminal 
and  the  currents  from  both  flowing  when  the  circuit  is  closed. 

When  the  sender  opens  the  line  the  receiver's  battery  still  sends 
a  current  through  his  relay  over  the  line  and  insulators,  which  is 
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greater  or  less  as  the  insulation  is  good  or  bad ;  the  aiFcctive  or 
working  margin  is  the  diiference  between  this  "  escape  "  and  the 
whole  line  current.  When  the  line  current  is  small,  owing  to  the 
resistance  of  wire  and  relays,  this  margin  is  small,  and  the  ^^  escape '' 
must  be  kept  at  a  minimum. 

The  wire  in  connection  witli  all  stations  on  the  main  trunk  of  tlie 
Philadelphia  and  Beading  Bailroad  before  referred  to  has  a  resist- 
ance, including  relays,  of  over  8,000  units ;  with  such  a  resistance 
the  current  passing  over  the  line  is  unavoidably  small,  and  to  be 
able  to  work  such  circuit  the  current  escaping  by  the  insulators  must 
be  small  in  comparison  to  that  passing  through  the  line. 

The  Philadelphia  and  Reading  Railroad  Company  makes  a  more 
extensive  use  of  the  telegraph  than  any  other  railway  in  this 
country ;  they  emplfty  ten  wires  on  the  main  line,  witli  branches 
in  all  directions,  as  soon  as  they  enter  the  coal  regions,  130  miles 
distant  from  Philadelphia. 

I  refer  to  the  railways  in  this  country  because  they  are  the  only 
parties  operating  the  telegraph  upon  anything  approaching  what 
is  usually  termed  scientific  principles  ;  and  further,  all  that 
Mr.  Ayrton  says  of  the  railway  telegraphs  in  India  is  of  a  negative 
character. 

The  foregoing  are  suggestions  upon  reading  Mr.  Ayrton's  paper, 
and  the  remarks  in  connection  therewith  of  the  other  Members  of 
the  Society. 

The  Chairman  said  that  the  Indian  Telegraphs  at  one  period  were 
the  "  roughest  thing  possible."  "  He  believed  at  the  present  time 
the  Indian  Telegraphs  were  amongst  the  most  scientifically  worked 
telegraphs  in  the  world." 

In  a  free  and  open  discussion  I  should  say  it  was  more  scientific 
than  practical. 

Real  advancement  in  telegraphy  is  best  shown  by  comparing  the 
results  obtained  with  the  means  employed. 

In  this  connection  it  is  proper  to  refer  to  the  Automatic  Telegraph 
Company,  that  operates  a  single  wire  extending  from  New  York  to 
Washington,  a  distance  of  about  300  miles,  and  doing  a  local  busi- 
ness with  stations  at  New  York,  Newark,  Trenton,  Philadelphia, 
Baltimore,  and  Washington. 
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Ill  this  circuit  there  are  fifteen  relays.  Tlie  line  is  worked  in  one 
circuit ;  or,  in  other  words,  while  transmission  is  going  on  between 
any  two  stations,  the  balance  of  the-  line  is  unemployed  so  &r  as 
transmission  of  the  business  of  the  other  stations  is  concerned. 

This  Company  does  an  average  daily  business  of  upwards  of 
700  paid  despatches.  They  have  secured  this  business  simply  by 
promptness  and  efficiency,  in  competition  with  the  old  Company, 
having  its  wires  extended  to  every  considerable  town  in  the 
country,  with  hundreds  of  branch  offices  in  tlie  cities  mentioned. 
Ninety  per  cent  of  this  business  is  done  during  the  six  active  busi- 
ness hours  of  the  day,  that  is,  between  9  a.m.  and  3  p.m. 

The  last  annual  message  of  the  President,  containing  12,000 
words,  was  transmitteii  from  A\'ashington  to  New  York  in  twenty- 
two  minutes  by  this  single  wire.  Is  there  anytliing  in  any  oilier 
part  of  the  world  (including  India)  that  can  make  so  favourable 
a  showing  ? 

From  1845  to  1867  I  was  connected  with  the  Telegraphs  in  this 
country,  except  in  1851,  when  I  constructed  the  first  line  of  tele- 
graph in  Mexico,  connecting  tlie  City  of  Mexico  with  Vera  Cruz. 

In  1867  I  visited  Europe,  and  examined  the  difierent  systems 
with  much  interest ;  and  again  last  year,  in  tlie  capacity  of  United 
States  Commissioner  to  the  Vienna  Exposition.  I  was  appointed 
to  make  a  report  upon  Electricity  and  Telegraphy.  This  report  is 
now  in  the  possession  of  our  Government.  My  chief  purpose  was 
to  gather  information  of  processes  and  methods  of  value  and  interest 
to  our  people.  In  the  discharge  of  this  duty  I  was  afibrded  every 
facility  at  Brussels,  Berlin,  Vienna,  Berne,  Paris,  and  London. 

On  the  Continent  we  find  the  Hughes  printing  instrument  largely 
in  use  at  all  of  the  central  stations.  The  speed  of  this  instrument 
is  given  as  twice  that  of  the  Morse,  which  is  also  used  to  a  loss 
extent  The  telegraphic  journals  are  now  discussing  very  freely 
the  duplex  transmission  system,  which  is  more  in  use  in  this 
country  than  any  other,  and  with  great  advantage.  The  capacity 
of  a  wire,  however,  is  not  and  cannot  be  doubled  by  its  use.  If 
there  were  no  alterations  or  adjustments  in  connection  with  the 
compensating  resistances  and  condensers  required,  it  might  ap- 
projich  it,  but  time  is  necessarily  lost  in  obtaining  and  preserving 
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the  balance,  more  especially  in  wet  aiid  unfavourable  weatlier. 
Under  no  circumstances  is  there  as  much  performed  in  this  country 
with  four  operators  and  one  wire  with  the  duplex  system  as  is  per- 
formed by  two  operators  and  one  wire  with  the  Hughes  printer  in 
Belgium,  Germany,  and  France. 

In  the  central  station  at  Paris  we  see  them  working  the  Hughes 
instrument  at  ftdl  speed  on  the  long  circuits,  Paris  to  Havre,  Paris 
to  Brest,  Paris  to  Marseilles,  Paris  to  Lyons ;  also  on  the  Inter- 
national, Paris  to  Brussels,  Paris  to  Berne,  Paris  to  Berlin,  Paris 
to  London.  When  I  see  this  instiniment  worked  to  its  full  capa- 
ci^,  or  say  twice  ordinary  Morse  speed,  upon  those  circuits, 
in  rain  or  imfkvourable  weather,  I  am  forced  to  make  comparisons 
as  to  the  economy  and  efficiency  of  their  systems  with  the  manner 
in  which  the  business  is  performed  in  my  own  cotmtry  and  in 
England. 

My  report  refers  to  the  amount  of  busmoss  performed  or 
handled  in  London  and  Paris,  the  number  of  operators  required 
to  perform  the  service  in  each  of  those  central  stations,  and  the 
number  and  kind  of  instruments  used. 

If  the  French  can  perform,  and  will  perform,  as  much  on  one 
wire  as  the  English  on  four  wires  of  the  same  length  and  re- 
sistance, with  proportionately  less  operators,  and  say  one-twentiotli 
tlic  battery  power  (using  one  and  the  same  battery  for  five  or  six 
linos),  it  cannot  be  denied  that  practically  the  French  system  of 
telegraphs  is  not  to  be  despised,  and  that  it  might  be  substituted 
even  in  England  or  India  with  profit 

I  could  go  more  into  details  upon  this  subject,  but,  I  do  not  in 
any  way  wish  to  forestall  an  official  report. 

David  Brooks. 

Philadelphia,  Aug.  21, 1874. 
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"  CoMPTEs  Rkndus,"  Tome  LXXVIIL 

No.  9. 

ON  THE  MODE  OF  PRODUCTION  OF  CERTAIN 

INDUCTION-CURRENTS. 

By  M.  A.  Gaipfe. 

THE  INFLUENCE  OF  ALBUMINOID  SUBSTANCES  UPON 
ELECTRO-CAPILLARY  PHENOMENA. 

By  M.  Onimds. 
These  papers  do  not  admit  of  abstraction. 


•No.  12. 
ON  MAGNETISM. 
The  continuation  of  a  Pa^er  by  M.  Gaugaik. 


ON  THE  MAGNETISATION  OF  STEEL. 

By  M.  BouTY. 

Let  us  suppose  that  the  circuit  inchides  only  a  constant  battery  and  the 
coil  which  is  magnetised. 

When  a  steel  needle,  recently  tempered,  is  introduced  slowly  into  the 
bobbin,  it  acquires,  at  the  end  of  a  time  not  exceeding  that  of  the  intro- 
duction, a  total  given  magnetism.  When  we  slowly  extract  the  needle, 
it  preserves  a  certain  residual  magnetism.  The  repetition  of  the  passage 
increases  the  total  magnetism  and  the  residual  magnetism.  These  tend, 
by  repeated  passages,  towards  a  limit  A,  and  the  magnetic  moment  y  at 
the  end  of  x  passages  is  very  nearly  represented  by  the  empirical 
formula— 

where  A  —  B  represents  the  residual  magnetic  moment  after  the  first 
passage. 

The   curious   increase   which   is   here    under    consideration    depends 
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itlally  upon  intermittencc  of  the  action  of  the  current,  since  prolonga- 
of  the  cnirent  will  not  produce  it. 

iree  other  processes  can  be  employed  to  magnetise  the  needle  in  the 
in : — 

)  Introducing  the  needle,  establishing  the  circuit,  and  withdrawing 
leedle  slowly.     (Establishment). 

)  Introducing  the  needle  slowly,  the  current  passing,  interrupting 
current,  and  withdrawing  the  needle.     (Interruption). 
»)  Introducing  the  needle,  establishing  and  interrupting  the  circuit, 
drawing  the  needle.     (Disruptive  discharge.) 
le  repetition  of  each  of  these  processes  results  in  an  augmentation 
ic  magnetic  moment  of  the  needle. 

Hien  the  circuit  consists  of  two  coils,  P  and  Q,  the  effect  of  the  extra- 
3nt8  renders  the  phenomena  complex.  Let  us  suppose  the  bobbin  P 
h  more  powerful  than  Q.  If  the  two  bobbins  are  placed  in  sequence, 
observed  that  a  needle  magnetised  by  a  large  number  of  passages 
Dgh  the  bobbin  Q  (to  the  corresponding  limit)  results  in  a  quick 
!$se  by  interruption  of  the  current.  The  increase  obtained  in  P 
!r  the  same  conditions  is  insignificant ;  the  direct  extra  current  of  P 
nsible  in  Q,  that  of  Q  in  P. 

!ie  results  obtained  by  placing  the  two  bobbins  in  derivation,  the  one 
the  other,  confirm  this  conclusion. 

condenser  C  placed  in  circuit  upon  a  derivation  without  resistance, 
Qces,  when  the  derived  circuit  is  interrupted,  a  true  direct  extra 
int  in  all  the  rest  of  the  circuit,  and  similarly  an  inverse  extra 
jnt  when  the  current  is  re-established.  In  effect,  the  points  of 
cation,  A  and  B,  are  at  the  same  potential  when  the  current  passes, 
the  derivation  Ls  without  resistance,  and  consequently  the  condenser 
t  charged  ;  the  difference  of  the  potential  in  A  and  B  is  equal  to 
lectro-motive  force  of  the  battery  P  when  the  current  is  interrupted, 
condenser  discharges  itself  during  the  period  of  establishment  of  the 
it,  and  charges  itself  during  the  period  of  interruption  which  pro- 
)  the  extra-currents. 

16  analogy  between  a  coil  and  a  condenser  led  me  to  study  magnetisa- 
in  the  case  where  the  circuit  contains  a  coil  and  a  condenser.  This 
is  realised  in  a  Ruhmkorff*s  coil.  The  condenser  is  there  placed  in 
rivation  without  resistance,  upon  which  are  effected  the  intemip- 

a 

16  condenser  I  have  employed  in  that  of  a  liuhmkorff  coil  in  which 
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the  explosive  distance  is  3  to  4  centimetres.  Such  a  condenser  comports 
itself  from  the  point  of  view  of  production  of  extra  currents,  as  a  bobbin 
of  negligeable  power  ;  but  there  is  presented,  during  interruption,  a  novel 
effect  not  present  in  the  case  of  two  bobbins.  The  direct  extara-current 
of  the  bobbin  charges  the  condenser  verj  strongly,  and  this  loses  immedi- 
ately afterwards  its  excess  of  charge,  darting  into  the  bobbin  a  current 
of  contrary  direction  to  that  of  the  battery!  Thus  the  magnetised 
needles  in  the  bobbin  may  become  partially  demagnetised  by  a  series  of 
passages. 

There  can  be  substituted  in  the  Ruhmkorff  coil  another  arrangement, 
which  consists  in  placing  the  bobbin  in  the  derivation  and  making  the 
interruptions  upon  the  principal  circuit.  The  results  are  absolutely  the 
same.  In  the  second  case  the  demagnetisation  observed  is  very  feeble 
if  the  bobbin  is  weak,  and  as  much  stronger  as  the  bobbin  is  more 
powerful.     It  is  indeed  a  reflex  of  the  bobbin  upon  itself. 

When  the  circuit  consists  of  two  bobbins  the  slow  introduction  of  a 
core  of  soft  iron  in  one  of  the  bobbins,  or  its  extraction,  is  in  effect 
appreciable  upon  the  magnetism  of  a  needle  placed  in  the  other  bobbin. 

But  if  the  core  of  soft  iron  is  introduced  slowly  and  withdrawn  smartly, 
the  direct  induced  current  augments  the  magnetic  moment  of  the  needle 
placed  in  the  second  bobbin.  The  repetition  of  the  same  operation  tends 
to  force  the  moment  of  the  needle  towards  a  limit  which  it  approaches 
very  rapidly.     The  formula— 

y=A  +  B(l-2— ), 
where  A,  B,  and  a  are  constants,  appears  to  represent  the  magnetic 
moment  y  after  x  passages. 

The  results  are  the  same  when  the  circuit  contains  an  electro-magnet, 
of  which  we  quickly  detach  the  armature. 

The  following  facts  have  been  observed  with  a  bichromate  battery, 
mounted  for  several  days,  and  presenting  consequently  the  phenomena  of 
polarisation  of  the  electrodes.  With  a  single  bobbin  the  establishment 
of  the  current  increased  the  moment  of  a  magnetised  needle,  often 
enormously :  the  current  possesses  therefore  at  the  moment  of  oomple- 
tion  of  the  circuit  a  much  greater  intensity  than  it  evinces  an  instant 
afterwards.  When  the  resistance  of  the  helix  is  increased,  the  polarisa- 
tion is  diminished,  and  the  peculiar  effect  of  establishment  tends  to 
disappear. 

As  to  the  interruptions,  they  have  no  marked  effect  upon  the  needles, 
especially  as  the  resistance  of  the  bobbin  is  not  very  great.     But  in  the 
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latter  case,  if  we  introduce  into  the  bobbin  a  ncedlo  strongly  magnetised, 
Trith  its  aastral  pole  to  the  left  of  the  principal  current,  we  obtain  always, 
by  iutermption,  a  diminution  of  the  magnetic  moment  of  the  needle. 
The  direct  extra-current  of  the  bobbin  in  its  interior  increased  momen- 
tarily the  polarisation  of  the  battery,  where  the  current  of  depolarisation 
very  clearly  follows  that  of  the  interruption ;  this  current  partially  de- 
magnetises the  needles.  We  have  then  a  case  of  reflex  action  analogous 
to  that  of  the  condenser  of  a  Ruhmkorff  coil,  but  incomparably  feeble. 

K  the  circuit  contains  two  bottoms,  the  one  A  very  strong,  the  other 
B  Tcry  feeble,  the  direct  extra-current  of  A  and  the  reflex  action  proves 
the  depolarisation  succeeding  itself  in  B  and  producing  a  very  strange 
effect.  The  interruption  of  the  circuit  much  augments  the  magnetic 
moment  of  a  magnetised  needle  in  B  to  a  limit  which  corresponds  to  the 
passages  ;  but  the  same  operation  diminishes  the  magnetic  moment  of  a 
needle  strongly  magnetised  and  placed  in  B  with  its  austral  pole  to  the 
left  of  the  principal  current. 

We  can  see  by  this  example  that  in  certain  cases  wo  can  analyse  an 
instantaneous  complex  current  by  means  of  the  magnetic  action  exercised 
bj  the  current  upon  magnetised  or  non-magnetised  steel  needles. 


No.  \2'-~continued. 

CALORIFIC  EFFECTS  OF  MAGNETISM   IN  AN  ELECTKO- 

MAGNET  OF  SEVERAL  POLES. 

By  M.  a.  Cazin. 

I  have  observed  the  calorific  effects  that  accompany  the  disappearance 
of  magnetism  in  the  core  of  a  rectilinear  electro-magnet  presenting  several 
conseqttent  points,  and  I  have  arrived  at  a  very  simple  law. 

"  When  a  rectilinear  core  of  iron  is  magnetised  by  a  series  of  identical 
bohhinSy  traversed  by  the  current  in  alternately  opposed  directions,  and 
these  bobbins  determine  equal  concamerations,  the  qualities  of  heat  created 
in  the  core  by  the  disappearance  of  the'  magnetism  are  inversely  ])f*opor- 
tional  to  tlie  squares  of  the  number  of  concamerations.^^ 

The  apparatus  I  have  used  is  a  kind  of  differential  air-themiometer, 
of  which  the  reservoirs  are  formed  by  cylinders  of  iron,  42  centimetres  in 
length,  5  centimetres  diameter,  and  about  2  m.m.  depth.  The  bases  of 
these  cylinders  are  closed  by  plates  of  copper.  A  glass  tube  with  an 
interior  diameter  of  2  m.m.  bent  to  U-shape,  and  containing  water,  unites 

VOL,  III.  I 
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• 

the  two  cylinders ;  a  manometer  is  employed  to  measure  tlie  difference  of 
pressure  H  established  between  the  two  reservoirs  when  one  of  them  is 
heated.  This  relative  thermic  effect  is  proportional  to  the  difference  of 
temperature  of  the  two  reservoirs. 

To  make  an  experiment,  a  non-continuous  current  is  admitted  to  the 
magnetising  bobbin.  A  counter  registers  the  number  n  of  interruptions; 
each  minute  is  noted  the  difference  of  level  in  the  manometer,  and  also 
the  degree  to  which  the  primitive  level  is  established  when  the  current  is 
suppressed.  A  graphic  tracing  of  the  results  admits  of  ascertaining  the 
total  effect  H  produced  during  the  action  of  the  non-continuous  current 
and  of  the  correction  A,  due  to  the  cooling  action  of  the  surrounding 
bodies.  Dividing  H  +  ^  by  the  number  n  of  interruptions,  we  have  the 
effect  of  the  disappearance  of  the  magnetism  at  each  rupture  of  the  voltaic 
circuit.  This  quantity  will  be  the  relative  measure  of  the  heat  created  by 
the  magnetism. 

[Experiments  are  here  described.] 

I  have  also  constructed  an  apparatus  of  precision,  by  the  aid  of  which 
I  can  evaluate  in  calorics  the  observed  thermic  effect.  I  hope  that  this 
will  permit  me  to  determine  the  magnetic  equivalent  of  heat. 


No.  13. 

ON  AN  ELECTRO-AUTOMOTOR  WHISTLE  FOR 

LOCOMOTIVES. 

By  MM.  Lartigue  and  Forest. 

This  apparatus  consists  of  a  steam- whistle,  in  which  the  valve  is 
manipulated  by  a  lever,  under  the  action  of  a  spring.  Ordinarily,  the 
lever  is  maintained  elevated  by  an  electro-magnet,  upon  Hughes's  system, 
and  the  valve  is  closed.  Upon  the  passage  in  the  coils'  of  a  current  of 
given  direction,  the  electro-magnet  looses  the  lever  and  the  whistle  is 
sounded. 

The  apparatus,  fixed  upoi^  a  locomotive,  is  connected  by  an  insulated 
wire  to  a  metallic  brush  placed  behind  the  fire-grate.  This  brush  passes 
within  a  few  centimetres  of  the  way-plane.  At  a  certain  distance  from  a 
semaphore,  or  the  visible  signal,  is  placed,  slightly  above  the  way-plane,  a 
small  piece  of  wood  bearing  a  metallic  plate,  that,  when  the  signal  is  at 
*'  stop,"  forms  the  terminal  of  a  source  of  electricity.     The  brush  passing 
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to  this  plate  establishes  a  circuit  through  the  detention  magnet  of  the 
Lstle,  and  the  whistle  is  blown. 

Che  arrangement  has  been  extensively  used  in  France,  and  successfully 
n  at  high  speeds. 

DEMONSTRATION  THAT  ELECTRIC  INDUCTION  DOES 
NOT  TRAVERSE  CONDUCTING  MASSES. 

By  Prof.  Volpicelli. 

A  mathematical  demonstration  of  Faraday's  experimental  deduction. 
le  paper  is  best  consulted  in  the  original. 


No.  14. 
ACTION  OF  THE  ELECTRIC  FLUID  UPON  GASES. 

By  M.  Nbyrekkuf. 

•  ....     No  effect  has  been  obtained  with  the  induction  spark, 
remarked  by  M.  du  Moncel. 

•  ....  Are  the  effects  observed  upon  flames  due  to  the  simul- 
^eous  action  of  the  two  electricities,  or  to  either  acting  separately  ? 

•  solye  this  question  it  will  suffice  to  interpose  between  the  flame  and 
^  point  a  diaphragm  impervious  to  the  establishment  of  a  gaseous 
i^nt.  With  plates  of  glass,  of  sulphur,  of  gum-lac,  the  deflection  is 
energetic  as  before  their  interposition.  A  conducting  plate  communi- 
•Uig  with  earth  was  also  tried.  This  last  arrangement  constitutes  a 
^ple  demonstration  of  the  propagation  of  induction  in  curved  lines. 

5J  A  NEW  COUPLE,  PREPARED  SPECIALLY  FOR  THE 
APPLICATION  OF  CONTINUOUS  CURRENTS  TO 
THERAPEUTIC  PURPOSES. 

By  M.  J.  MoRiK. 

In  a  note  presented  to  the  Academy  {Comptes  Mendus,  24  June,  1872), 
[escribed  a  sulphate  of  copper  couple,  in  which  I  sought  completely  to 
»id  the  deposition  of  copper,  neither  upon  the  diaphragm  nor  upon  the 
c  itself.  To  avoid  the  bulky  apparatus  of  former  constructions  I  have 
Tsed  a  new  couple,  having  a  great  analogy  to  that  of  Bunsen,  although 
i  somewhat  inferior  in  its  electromotive  force.  The  central  carbon  is 
rounded  with  a  chromic  salt,  representing  as  nearly  as  possible — less 

l2 
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the  water— tho  chemical  constitution  of  Jacobins  solution.  This  salt  is 
dissolved  by  the  water  of  the  zinc  bath.  Some  of  these  cells  have  been 
in  use  several  months. 

ON  THE  MEASURE  OF  THE  ELECTROMOTIVE  FORCE  OF 

BATTERIES  IN  ABSOLUTE  UNITS. 

By  M.  A.  Crova. 

In  reducing  into  absolute  units  tho  electromotive  forces  of  several 
elements  obtained  by  the  method  of  opposition,  we  find  numbers  always 
superior  to  those  we  deduce  either  by  Ohm's  method  or  from  the  heat 
disengaged  by  the  chemical  reactions  taking  place  in  the  element.  We 
know  that  within  certain  limits  the  electromotive  force  depends  upon  the 
intensity  of  the  current  that  traverses  the  circuit,*  and  that  these 
variations  have  been  attributed  by  several  physicists  to  the  polarisation  of 
the  negative  plate.  In  order  to  ascertain  the  number  we  should  finally 
adopt  to  represent  the  absolute  electromotive  force  of  an  element  I  hate 
employed  the  following  method  : — 

Let  hj  h',  A",  .  .  .  be  the  interpolar  resistances ;  t,  t*,  i",  .  .  . 
the  corresponding  values  of  the  intensity  of  the  current  produced  by  ft 
given  element ;  instead  of  taking  h  and  t  as  variables,  trace  the  curve,  of 
which  the  abscissas  are  the  values  of  V  and  the  ordinates  the  correspond- 
ing values  of  h  t.  We  shall  obtain  a  right  line  if  the  element  is  constant, 
and  we  shall  have,  in  representing  by  y  the  values  of  hi, 

hizzy^,  K  —  ri, 
tho  equation  of  a  right  line  of  which  the  ordinate  at  the  origin  represent* 
the  electromotive  force,  and  of  which  the  angular  co-efficient  is  the 
resistance  of  the  element. 

If  we  obtain,  by  experiment,  n  values  of  h  corresponding  to  an  equal 
number  of  values  of  t,  we  shall  have  n  points  of  the  line  sought,  and,  if 
it  be  a  right  line,  we  can  deduce  from  its  constraction  the  mean  values 
of  A  and  of  r. 

In  working  with  Daniell's  and  with  Grove's  elements  I  have  obserrcd 
that  the  line  is  a  right  line  in  nearly  all  its  length,  but  it  is  slightly  in- 
clined in  the  neighbourhood  of  the  axis  y  owing  to  an  increase  in  the 
angle  r.  With  single  liquid  elements,  the  right  line  is  much  more 
limited,  and  the  curved  portion  acquires  a  greater  development.  I  hare 
continued,  in  these  researches,  to  make  use  of  units  that  I  have  adopted 

*  Marie-Davy.    Annalcs  de  Chimie  ct  de  Phygiqne^  3*  Serie>  tome  XIX. 
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in  my  previous  works,*  that  is,  tho  resistance  at  zero  of  a  column  of 
mercury  1  metre  in  length  and  of  109*  m.m.  section,  and  an  intensity  of 
current  that  in  one  hour  will  decompose  9  milligrammes  of  water. 

We  will  pass  now  to  the  numbers  obtained  in  absolute  units,  by 
nioltipljing  those  obtain^  experimentally  by  the  proper  factors.  The 
electromotive  force  of  a  Daniell  (zinc,  sulphate  of  zinc,  copper,  sulphate 
of  copper),  of  which  the  plaies  have  each  40  Q  centimetres  surface,  is  at 
the  temperature  of  11°  equal  to  43*1.  The  intensity  varying  from  1  to 
zero,  the  electromotive  force  increases  from  43-1  to  43*9,  the  value  given 
by  Poggendorff. 

The  electromotive  force  of  a  Grove  element  of  the  same  dimensions, 
and  under  the  same  conditions,  becomes  constant  and  equal  to  75*0 
when  the  intensity  of  the  current  is  superior  to  the  unit.     Tho  intensity 
varying  between  unity  and  zero,  the  electromotive  force  increases  from 
75-0  to  78*0,  the  value  given  by  the  method  of  opposition. 

The  resistance  of  a  Daniell  element  varies  from  5  to  15  metres, 
according  to  the  concentration  of  the  sulphate  of  zinc.  That  of  Grove's 
element  is  about  1  metre.  Now  MM.  Favre  and  Silbermannf  have 
found  that  1  gramme  of  zinc  in  substituting  itself  for  the  copper  in 
Cu.  SO*  disengages  714  calories.  The  absolute  electromotive  force  of 
the  Daniell  element  will  then  be — 

ic  =  714  X  0-000033858  x  415-41  x  W^  =  11-022  x  10i«, 
0*  00008  3858  representing  in  grammes  the  electro-chemical  equivalent 
of  zinc,  and  415*41  x  10^®  the  mechanical  equivalent  in  absolute  units, 
of  a  calorie  (gramme-degree).  The  electromotive  force  of  a  Daniell 
element  under  the  conditions  in  which  it  is  constant  being  43*1,  it  is 
necessary  to  convert  this  into  absolute  units,  to  multiply  by  0*26C6,  the 
value  in  Weber  electro-magnetic  units  of  my  unit  of  intensity,  and  by 
the  absolute  resistance  of  tho  mercurial  unit. 

The  mean  of  the  results  (0-9629  and  0-9564)  obtained  by  the  Com- 
mittee of  the  British  Association  {  is  in  effect  0-9596x10^^.  Weber 
has  given  0*9749  ;  §  finally,  the  recent  labours  of  M.  Lorenz,  ||  and  those 
of  M.  Kohhrausch,f  give  respectively  0-9337  and  0-9717  x  lO^o. 

♦  Annales  de  Chimie  et  de  Physique,  3*  Serie,  tome  LXVIII.,  et  4«  Serie,  tome  IV. 
t  Annales  de  Chimie  et  de  Physique,  3«  Serie,  tome  XXXVII. 
X  Reports  of  the  British  Association  for  1862-64. 

§  Webeb.  Mektrodynamischc  Maashcstimmungenf  inshcsondere  Wtderstand- 
messungen, 
fl  Lorenz.  Pogg.  Ann.  Bd.  CLXIX.  (1873.) 
5  KOHLRAUSCH.  Pogg,  Ann.  ErgmKungs,  Bil.  VI. 
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In  the  presence  of  results  so  divergent,  I  have  calculated  the  co-cfficieti 
it  is  necessary  to  adopt  to  render  the  calculated  electromotive  force  qui 
to  that  deduced  from  the  heat  of  substitution.     We  have — 

43-1  X  0-2666a;  x  W^  =  11-022  x  lO^o,  whence  x  =  0-95891, 
a  number  which  very  nearly  approaches  0*9596,  the  mean  of  the  resuU 
of  the  British  Association. 

Bosscha  had  obtained,  for  the  value  of  the  electromotive  force  of 
Daniell  element,  10*258;*  Thomson  10*79.    These  differences  appear! 
me  to  indicate  a  value  of  the  absolute  unit  of  resistance  more  or  let 
inexact. 

The  electromotive  force  of  a  Smee  element,  of  which  each  plate  has 
surface  of  9  CD  centimetres,  employed  in  vacuo  (to  avoid  depolarisatic 
of  the  negative  plate  by  air),  is  comprised  between  a  maximum  34'5S 
and  a  minimum  31*709. 

Converting  these  numbers  into  absolute  units  by  means  of  the  facto; 
0*2666  and  0*95981,  we  find  respectively  8*109  and  8*830  x  lO^^. 

Now  MM.  Favre  and  Silbermann  have  found  that  one  gramme 
zinc  substituting  itself  for  hydrogen  in  SO*H  disengages  567*9  calorie 
We  deduce  then   for  the   Smee  element  the  number  7*9885  x  10' 
Here  the  agreement  is  less  exact  than  in  the  case  of  so-called  constct 
current  batteries.     The  result  obtained,  however,  is  conclusive. 


No.  15. 

AN  APPARATUS  FOR  SIGNALLING  AUTOMATICALLT 
THE  PRESENCE  NEAR  A  SHIP  OF  ICEBERGS. 

By  M.  R.  F.  Michel. 

The  apparatus  consists  essentially  of  a  metallic  thermometer,  inclose 
in  a  suitable  box,  suspended  or  fixed  to  the  sides  of  the  ship.  The  the 
mometer  is  a  bi-metallic  helix  ;  it  carries  a  small  lever,  which  moves 
right  or  left  as  the  temperature  of  the  helix  is  raised  or  lowered.  Wh< 
the  temperature  is  lowered,  the  lever  comes  into  contact  with  a  sdm 
metallic  button,  and  closes  the  circuit  of  a  battery  and  an  alarm-bell. 

The  application  of  the  apparatus  depends  upon  the  ascertained  ft 
that  the  water  around  an  iceberg,  to  an  extended  radius,  is  cooled  sever 
degrees. 

♦  Bosscha.  Pogg,  Ann.  Bd.  CI. ;  Amuiles  de  Chimie  et  de  Phygigue,  3«Ser 
tomo  LXV. 
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No.  16. 

A  NEW  THERMO-ELECTRO  PILE. 

By  M.  Glamokd. 

I  have  adopted,  in  the  construction  of  my  conples,  the 

alloy  of  zinc  and  antimony,  and  plates  of  iron  for  armatures.  I  have 
adopted  the  alloy  of  antimony  and  zinc  because  it  is  a  good  conductor  of 
electricity,  and  because  the  temperature  of  its  fasion-point  renders  its 
application  easy.  But  I  ought,  in  passing,  to  say  that  this  fact  is  in 
opposition  to  generally  received  ideas. 

We  know  that  the  alloy,  zinc  and  antimony,  possesses  its  thermo- 
electric property  at  its  maximum  of  intensity,  when  it  is  composed 
according  to  the  chemical  equivalents  of  the  two  metals  which  constitute 
it  Now  experiment  has  led  me  to  reduce  the  tension  of  my  bars  in  such 
anmner  as  to  gain  in  quantity  that  which  I  lose. in  tension.  Thus  the 
model  I  have  the  honour  to  submit  to  the  Academy  deposits  twenty 
grammes  of  copper  per  hour,  and  a  similar  model,  constructed  with  bars 
of  the  same  alloy  of  a  higher  tension,  deposits  only  twelve  grammes  per 
liour.  The  resistance  of  the  bar  diminishes  more  quickly  than  its  electro- 

E 

moti?e  force ;  in  fact,  the  constant  vv  of  the  couple  increases.     It  results 

from  this  that  the  most  energetic  bars  are  not  those  that  constitute  the 
most  energetic  pile. 

I  employ  iron  preferably  to  copper  or  to  German  silver,  because  these 
metals  are  attacked,  dissolved  by  the  alloy,  and  the  armatures  they  form 
are  rapidly  put  hars  de  service.     Iron,  on  the  contrary,  resists  well. 

The  arrangement  of  the  apparatus  is  the  following ; — 

The  bars  are  arranged  in  a  crown,  and  are  coupled  in  tension.  These 
crowns,  composed  each  of  ten  bars,  are  superposed  and  separated  from 
^h  other  by  rounds  of  asbestos. 

The  whole  fonns  a  cylinder,  of  which  the  interior  is  luted  with 
wbestos,  and  heated  by  means  of  a  perforated  tube  of  refractory  earth. 
T^6  gas  mixing  with  the  air  issues  into  the  interior  of  the  tube,  and 
"^nis  in  the  annular  space  between  the  tube  and  the  bars.  The  extremi- 
ties of  the  crowns  are  joined  by  bands  of  copper  fixed  to  two  plates. 
^^  crowns  can  be  coupled  in  tension  or  in  surface :  the  surface  that  can 
"®  obtained  from  each  crown  is  seven  square  decimeters,  which  gives 
thirty-fiye  square  decimeters  for  the  whole  of  the  pile.     There  can  thus 
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be  obtained  a  mean  deposit  of  twenty  grammes  per  hour  of  copper  of 
good  quality. 

The  present  model  consumes  170  litres,  that  is  to  say,  about  fite 
centimes  worth,  of  gas  per  hour,  and  deposits  twenty  grammes  of  copper, 
the  consumption  of  gas  per  kilogramme  of  copper  deposited  being 
2fr.  50. 

The  couples  that  constitute  the  apparatus  weigh  200  grammes,  being 
equivalent  to  a  Bunsen  couple  of  eighteen  centimetres  high.  The  electro- 
motive force  of  the  apparatus  is  to  a  Bunsen  couple  as  five  is  to  three. 


No.  17. 

ON  CHEMICAL  DYNAMICS.* 

Bt  M.  Becquerel. 


The  new  memoir  that  I  have  the  honour  to  present  to  the  Academy 
upon  Dynamic  Chemistry  has  for  its  aim  to  ascertain  not  only  the  mode 
of  evolution  of  the  bodies  that  combine,  but  also  the  intensity  of  the 
forces  or  affinities  in  virtue  of  which  these  combinations  are  eflTccted  in 
at  least  their  reciprocal  relations. 

It  may  be  admitted  that  the  effects  of  reduction  and  others  which 
take  place  in  capillary  spaces  enter  into  the  domain  of  chemical  dynamics 
since  they  are  due  to  electro-capillary  actions,  by  which  the  constitnent 
parts  of  the  bodies  are  separated,  in  executing  certain  evolutions,  in 
order  to  form  new  combinations.  This  is  the  principle  of  which  I  seek 
to  deduce  the  consequences. 

Several  methods  are  employed  to  determine  electromotive  forces,  and 
consequently  the  relation  between  the  affinities  of  the  two  solutions  that 
react  one  upon  another,  and  that  of  a  solution  upon  a  gas  adhering  to  a 
metallic  surface.f  M.  Ed.  Becquerel  has  made  a  profound  study  of  the 
means  employed  to  determine  electromotive  forces.  The  method  of 
which  he  has  made  use  includes  an  electro-magnetic  balance  and 
resistance  coils,  with  electrodes  and  couples  of  some  size.  But  these 
conditions  cannot  be  accepted  when  working  with  cracked  tubes  and 

♦  Though  not  bearing  an  electrical  title,  this  paper  is  collateraUy  too  important 
to  be  passed  over. — {Trans.) 

t  See  two  memoirs  by  my  son  Edmond  ;  principally :  Annale  du  Cofuerratoire 
desArts  et  Mt^teirs,  tome  I.  p.  257,  and  Annates  et  de  ChimU  et  de  Physique, 
tome  LXVIII. 
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lall  platesy  the  fissures  having  only  some  thonsandths  of  a  millimetre 
»^uiig  ;  if  we  replace  the  cracked  tnbes  by  porous  diaphragms  the 
ixiore  of  the  two  solutions  is  too  easily  effected  for  them  to  have  only 
nple  contact  during  the  period  of  the  experiments.  This  method,  which 
especially  applicable  to  the  effects  of  constant  couples  of  intensity,  is 
rj  difficult  of  application  when  polarisation  occurs  in  the  circuit,  such 
in  the  case  we  have  to  study. 

I  have  then  preferred  to  make  use  of  the  method  of  experimentation 
rmed  '^  by  opposition,'*  which  is  the  most  simple  and  exact,  employing 
thermo-electric  pile.  By  this  method  and  with  the  necessary  precau- 
)n8  we  annul  the  counter-current  duo  to  the  polarisation  of  the  plates 
unged  in  the  solutions. 

The  experiments,  the  object  of  this  memoir,  are  the  results  produced 
tween  the  constituents  of  two  solutions  that  react  chemically  one  upon 
other.  There  is  sought  successively,  with  two  electrodes  in  gold,  the 
ictromotive  force  of  two  solutions  reacting  upon  each  other,  then  with 
Mstrodes  of  water.  The  water-couples  play  an  important  part  in  these 
periments ;  they  are  formed  by  immersing  in  each  of  the  solutions  a 
acked  tube  filled  with  distilled  water,  containing  each  a  plate  of  gold 
of  platinum  accordingly  as  the  solution  is  alkaline  or  not.  The  results 
tained  are  such  that,  if  we  work  with  solutions  of  neutral  salts,  there  is 
\i  observed  any  electric  effect ;  in  the  case  where  there  is  combination 
en  there  appears  an  electromotive  force.  These  results  show  that  the 
mbination  of  an  acid  with  an  alkali  will  not  operate  under  the  relation 
the  evolution  of  its  constituent  part,  as  the  reaction  of  a  solution  of  a 
ntral  salt.  We  take  for  unity  the  hundredth  of  the  electromotive 
rce  of  a  sulphate  of  cadmium  couple,  which  is  the  most  constant 
andard  we  have  yet  employed. 

The  following  are  the  results  obtained,  and  these  are  the  means  of  a 
rge  number  of  results  :— 


Ist  couple  (gold  electrodes) 
2nd  couple  (water  electrodes) 

3rd  couple  (gold  electrodeb) 

4th  couple  (gold  electrodes) 
5th  couple  (gold  electrodes) 


808  6H0 
K0  6H0 

S0»  6H0  I 
KO  6H0  j 

S0«  6H0 
water 
K0  6H0 

j  S08  6H0 
'  j  water 

j  KO  6H0 
'  I  water 


182-5 
37-5 

152-0 

360 
114-0 


150 
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From  these  results  we  draw  the  following  conclusions :  In  snbstract- 
ing  from  the  electromotive  force  of  the  first  couple  the  sum  of  the  electro- 
motive forces  of  the  sum  of  4  and  5  we  should  have  zero,  whilst  we  have 
a  difference  equal  to  32  that  should  be  equal  to  the  electromotive  force 
of  the  second  which  is  37.  The  difference  can  only  be  attributed  to  the 
nearly  inevitable  errors  in  experiments  so  delicate  as  those  in  question. 

Let  us  now  pass  to  the  results  obtained  in  the  combination  of  the 
nitric  acid  with  the  potash  : — 

Mean  electromotive  forces. 

1st  couple    |^g^^JSg|374 

2nd  couple  jgO^^gOj   35 

/N056HOJ 
3rd  couple   {water       }287 
(KO6HO) 


4th  couple 
5th  couple 


172 


N0,6H0 

water 

K0  6H0  j^^l 

water       J 


286 


Making  the  same  calculation  as  for  the  preceding  experiments,  that  is  to 
say,  subtracting  286  from  374,  we  have  a  difference  88,  which  represents 
the  electromotive  force  of  the  reaction  of  the  anhydrous  nitric  acid  upon 
the  anhydrous  potash.  The  electromotive  force  of  the  second  couple 
should  be  equal  to  88,  but  there  is  a  difference  of  3  ;  this  difference  is 
within  the  limits  of  experimental  error. 

We  see  by  these  results  that  sulphuric  acid  or  nitric  acid  in  combining 
with  the  potash  takes  up  the  six  equivalents  of  water.  The  combination 
is  effected  in  the  following  manner.  When  one  of  the  two  acids  combines 
with  the  potash  containing  six  equivalents  of  water,  the  same  phenomena 
result  as  are  effected  with  mixtures  of  two  solutions  of  neutral  salts,  that 
is  to  say,  a  small  quantity  of  sulphuric  acid  acts  upon  and  unites  with  a 
quantity  of  the  water  in  union  with  the  potash ;  similarly  that  a  small 
portion  of  this  acts  upon  a  small  portion  of  the  acid,  so  that,  for  an 
excessively  short  time,  these  three  bodies  are  en  presence;  and  there 
results  a  combination  of  two  hydrates  and  one  other  of  the  acid  with 
the  all^ali  not  hydrated,  which  subsequently  return  to  the  two  others  a 
portion  of  their  water  to  set  about  an  equilibriimi  of  hydratation.  It  is 
impossible  to  explain  otherwise  the  evolutions  which  take  place  in  the 
combination  of  a  hydrated  acid  with  a  hydrated  alkali. 
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In  augmenting  the  quantities  of  water,  the  resulU  appear  to  be  the 
same.  Experiments  made  with  SO^,  12H0,  and  KO,  12H0  have 
given  sensibly  similar  results.  We  may  therefore  conclude  that  in  the 
reaction  of  an  acid  solution  upon  an  alkaline  solution,  the  one  and  the 
other  hydrated,  there  are  produced  electric  effects  resulting  from  three 
different  combinations,  and  we  may  suppose  them  to  operate  in  the  mode 
indicated. 


ON  THE  ELEMENTARY  LAW  OF  ELECTRO-DYNAMIC 

ACTION. 

By  M.  Moutier. 

Ampere  has  explained  electro-dynamic  phenomena  by  means  of  an 
elementary  law,  which  rests  upon  the  consideration  of  three  cases  of  equi- 
librium. M.  Bertrand  has  recently  reduced  the  number  of  fundamental 
experiments  to  two.*  The  author  of  the  Theorie  des  Phenomenes  Electro^ 
dynamiques  has  thus  set  aside  all  hypothesis  relative  to  the  intimate  nature 
of  the  phenomena ;  but,  under  the  influence  of  the  discoveries  of  Fresnel, 
he  was  pre-occupied  with  analogies  between  light  and  electricity.  In 
these  last  few  years  M.  de  Colnet  d'Huart  and  M.  Renard  have  corre- 
lated electro-d3mamic  phenomena  to  the  theory  of  elasticity,  and  have 
recurred  by  different  means  to  Ampere's  formula. 

In  the  memoir  I  have  the  honour  to  submit  to  the  judgment  of  the 
Academy  I  have  taken  for  the  starting-point  the  considerations  laid  down 
by  Ampere,  and  I  have  sought  to  formulate  them  from  a  mechanical 
point  of  view,  regarding  electricity  as  the  result  of  a  vibratory  movement 
of  the  ether.  In  following  this  order  of  ideas  I  have  already  sought  the 
explanation  of  some  electric  phenomena  ;f  in  this  work  I  occupy  my 
attention  with  electro-dynamic  actions. 

I.  If  we  consider  the  electric  current  as  a  movement  transmitted  by 
the  ether  of  the  conductor,  the  intensity  of  the  current  is  then  measured 
by  the  quantity  of  movement  of  the  ether  with  relation  to  the  unit  of 
length  of  the  conductor. 

II.  Let  us  consider  two  current  elements  ds  and  ds'  parallel  to  each 
other,  and  perpendicular  to  a  right  line  joining  them.  Let  i  and  i'  be  the 
intensities  of  the  currents,  r  their  distance. 

*  Comptes  JRcndiiSf  tome  LXXV.  p.  733. 
t  CamptcH  UcnduSy  tome  LXIII.  p.  299. 


140  ABSTRACTS  AND  EXTRACTS. 

At  a  point  of  one  of  the  conductors  ds  the  ether  is  driven  at  two  velo- 
cities ;  one  is  dne  to  the  current  ds  itself,  the  other  is  derived  from  the 
current  ds'.  Admitting  that  the  movement  of  the  ether  is  propagated 
around  each  conductor  traversed  by  a  current  according  to  the  same  law 
as  with  the  theory  of  undulations,  we  may  determine  the  relative  velocity 
of  the  ether  at  any  point  of  the  conductor.  The  other  exercises  on  this 
point  a  pressure  proportional  to  the  square  of  its  relative  velocity. 
Analysis  of  these  pressures  show  that  they  exert  between  the  two  ele- 
mentary currents  a  reciprocal  action,  directed  according  to  the  line  of 
junction,  attractive  or  repulsive,  as  the  currents  are  the  same  or  of  con- 
trary direction,  and  have  for  their  expression 

{dsi'ds' 

III.  Let  us  consider,  however,  the  case  where  two  current  elements  are 
situated,  the  one  on  the  prolongment  of  the  other.  We  may  assimilate 
the  phenomena  occurring  in  one  of  these  conductors  to  the  movement  of 
a  fluid  which  possesses  velocities  equal  to  the  relative  velocities  of  the 
ether  at  each  point  of  the  conductor.  Applying  then  Bernoulli's  the- 
orem, the  difference  of  pressure  exerted  at  the  extremities  of  an  elementary 
conductor  correspond  to  a  reciprocal  action,  directed  as  the  line  joining 
the  elements,  attractive  or  repulsive,  as  the  currents  are  of  the  contrary 
or  of  the  same  direction,  and  having  for  expressions, 

ids    i' d  s' 
1^ 

IV.  It  is  easy  to  pass  to  the  case  of  two  elementary  currents  sitnated 
in  such  a  manner  as  would  arise  from  resolving  two  currents.  Let  6 
and  Q'  be  the  angles  of  d  s  and  of  d  s'  with  the  line  of  junction  of  the 
two  elements ;  c  the  angle  of  the  planes  of  the  line  of  junction  and  of 
each  of  the  elements.  To  ascertain  the  action  of  two  elementary  currents 
it  is  sufficient  to  examine  the  following  mutual  reactions:^ 

1.  The  action  of  two  parallel  currents  perpendicular  to  the  line  of 
junction.     This  action,  according  to  what  precedes,  has  for  its  value^ 

r^  a  ids  i'  ds'   '    ^   .    ^, 

/  =:  2 sm  6  sm  d  cos  c. 

r  2 

2.  The  action  of  two  currents  placed  in  right  line.     This  action  has 

for  its  value — 

/./ id     t"  d s'        ..        -, 

/  = ^ cos  0  cos  e\ 
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3.  The  actions  of  other  currents  arising  from  the  decomjiosition  oi  d  8 
and  d  «'.     These  actions  are  nil  in  the  preceding  theory. 
The  matoal  action  of  two  currents  is  then-» 

We  find  thus  the  formula  given  by  Ampere  multiplied  by  2 ;  and  we 
know  that  it  is  necessary  to  multiply  this  formula  by  2  in  order  to  give 
coincidence  to  the  intensities  of  the  electro-dynamic  and  the  electro- 
magnetic current. 

V.  The  work  that  results  from  the  displacement  of  two  conductors 
traversed  by  currents  of  constant  intensity  may,  as  is  known,  be  deduced 
from  Ampere's  formula. 

Geometric  considerations  show  that,  in  the  case  of  closed  circuits,  the 
elementary  work  between  the  two  currents  d  r  depends  only  on  the 
forces/'.     It  has  for  its  expression — 

d  r  =      ^ii'  dW, 

where  W  represents  the  function  that  M.  Helmholtz  terms  the  relative 
potential  to  the  action  of  two  currents,  when  the  intensities  are  equal  to 
unity. 

VI.  Ampere's  law  does  not  apply  to  pheneniona  of  induction.  There 
are  two  cases  to  distinguish,  either  as  induction  is  produced  by  change  of 
intensity  or  by  movement  of  the  conductors  :— 

1.  Let  there  be  two  closed  circuits  8  and  s'  of  which  the  intensities  are 
I  and  t'.  If  the  intensity  of  the  current  «'  increases  and  becomes  t'  -f  d  i', 
the  relative  velocity  of  the  ether  in  the  conductor  8  shows  a  variation 
that  corresponds  to  an  induction-current  in  this  conductor,  and  the  demi- 
variation  of  the  force  of  the  ether  of  this  conductor  has  for  its  value— 

Wi  di\ 

We  thus  find  the  expression  for  the  work  relative  to  this  phenomena 
of  induction. 

2.  If,  on  the  contrary,'  the  intensity  of  the  current  «'  remains  constant, 
the  conductor  «'  approaching  «,  there  also  results  a  variation  of  velocity 
in  the  ether  of  the  conductor  «;  this  change  of  velocity  corresponds  to  an 
induction-current  in  this  conductor,  and  the  demi-variation  of  the  force 
of  the  ether  of  the  conductor  has  for  its  value— 

t  i'  d  W. 
We  thus  obtain  a  known  expression. 
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No.  18. 

ON  THE  DEPTH  OF  A  MAGNETISED  STRATUM  IN 

A  STEEL  BAR. 

By  M.  Jamin. 

The  quantity  of  magnetism  developed  in  a  stratum  of 

which  the  depth  is  dy  is  proportional  to  the  force,  and  equal  to 

The  definite  integral  for  a  depth  y  will  be 


m 


=  m(i-^), 


and  will  represent  the  quantity  of  magnetism  contained  in  a  depth  y. 
[J/  and  a  are  taken  equal  to  26  and  to  1*5]    .     .     .     . 


No.  19. 

ON  THE   DETERMINATION   OF  SIMPLE   SUBSTANCES   BY 

THE  ACTION  OF  BATTERY-CURRENTS  IN  THE  VOLTA- 

METER. 

By  M.  E.  Martin. 

The  author  desires  to  show  that,  in  the  decomposition  of  water  by  a 
current,  (1)  the  two  electricities  are  not  forces,  but  imponderable  sub- 
stances,  having  strong  and  different  chemical  affinities,  and  that  they 
excite  on  the  elements  of  water  a  double  chemical  action,  transforming 
them  into  gases.  (2).  That  water  does  not  contain,  as  is  supposed,  two 
gases  condensed,  which  we  have  merely  to  dissociate  in  order  to  repro- 
duce, but  that  the  simple  bodies  H  and  O  are  its  elements.  (8).  That 
the  two  gases  whose  combination  produces  water  are  compound  bodies 
formed  by  the  chemical  union  of  oxygen,  a  simple  body,  to  positive  elec- 
tricity, and  by  the  union  of  simple  hydrogen  to  negative  electricity  ; 
the  combination  of  these  gases  giving  two  binary  substances,  water  and 
caloric.  (4).  That  the  currents  of  the  battery  do  not  traverse  the  acidu- 
lated liquids  of  the  voltameter,  and  do  not  result  in  the  transport  of 
elements,  but  the  two  electricities  annving  at  the  electrodes  unite  with 
the  elements  of  water,  transforming  them   into  hydrogen   gas  at  the 
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neg^ative  pole  and  oxygen  at  the  positive.  Negative  electricity  may  bo 
distingnished  as  electrile  with  symbol  El^  and  positive  electricity  as 
etherilty  with  symbol  Et. 


No.  22. 

ON  THE  MEAN  SECTION,  POLAR  SURFACES,  AND 

ARMATURES  OF  MAGNETS. 

By  M.  Jamin. 

The  anthor  ennnciates  the  following  propositions  :— 

1.  The  nnmber  of  elementary  magnetic  fillets,  and  consequently  the 
quantity  of  magnetism,  that  a  magnet  can  contain,  depends  only  upon  the 
mean  section. 

2.  The  distribution  of  the  intensities  is  regulated  by  the  form  and  by 
the  extent  of  the  exterior  surfaces  of  the  magnet. 

3-  If  these  surfaces  diminish,  the  tension  increases  to  the  limit  that 
the  elemental  poles  can  give  it  effect,  and  a  portion  of  the  two  contrary 
magnetisms  disappears  in  order  to  produce  a  natural  condition. 

These  ideas  the  author  confirms  by  a  series  of  experiments,  in  the 
coarse  of  which  he  arrives  at  the  following  conclusions :  If  the  surfaces 
change,  and  the  mean  sections  remain  the  same,  the  quantity  of  mag- 
netism is  constant. 

The  distribution  of  the  magnetism  is  regulated  by  the  surface,  and  as 
this  diminishes  the  tension  increases. 

If  the  mean  sections  be  varied,  the  quantity  of  magnetism  is  propro- 
tional  to  these  sections. 

When  the  surface  is  insufficient,  the  total  magnetism  furnished  by  the 
mean  section  cannot  have  effect,  and  it  reacts  upon  and  reduces  itself. 

The  total  magnetism  furnished  by  the  mean  section  may  be  developed 
and  conserved  upon  a  plate  of  which  the  surfaces  are  insufficient,  under 
the  condition  of  supplying  the  deficiency  of  siuface  by  iron  armatures  of 
considerable  size. 
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No.  22^- continued, 

ON  ELECTRIC  CHRONOGRAPHS. 

By  M.  Marcel  Deprez. 

In  my  preceding  commanication  I  announced  that,  haying  tried  the 
different  processes  of  electric  registration,  I  found  the  induction  spark 
possessed  such  inconveniences  as  stultified  the  sole  advantage  to  be 
derived  from  its  use — instantaneity.  I  thus  have  directed  my  attention 
to  the  use  of  electro-magnets. 

But  the  data  important  to  their  application  to  chronographs  are  com- 
pletely hidden.  The  carrying  force,  the  eflFect  of  the  armature  ane 
amount  of  attraction,  the  time  during  which»  the  current  traverses  th  m 
coils  of  the  electro-magnet — all  these  are  elements  of  essential  import 
ance.  These  considerations  led  to  the  use  of  electro-magnets,  not  a. 
registrars,  but  as  a  means  of  detention.  The  most  simple  arrangemeri 
consists  iu  fixing  the  armature  to  a  very  short  axis,  to  which  again  i 
attached  the  style,  brought  into  contact  with  the  revolving  cylinder.  ^ 
caoutchouc  thread  attached  to  a  small  armature  itself,  developes  an  effo  m 
of  contrary  sign  and  of  nearly  equal  power  to  the  magnetic  attraction,  s^ 
that  by  regulation  the  armature  may  be  held  against  the  magnet  by 
strength  as  feeble  as  we  please.  When  the  circuit  is  interrupted,  ttm 
armature  becomes  free  to  follow  the  eflFects  of  contraction  of  the  caouC 
chouc  thread. 

If  we  designate  by /the  tractive  eflFort  of  the  caoutchouc;  /'the  eifor 

developed  by  the  caoutchouc ;  /  the  length  of  the  lever-arm  to  which  it  i ; 

attached ;  L  the  length  of  the  pen ;  p  the  weight  of  the  moving  system 

p^  the  square  of  the  radius  of  gyration  of  this  system  with  relation  tc 

the  axis  of  rotation;  g  the  weight;  y  the  linear  acceleration  at  thi 

flL 
extremity  of  the  pen ;  we  have  y  zz  g-    ^  • 

This  formula  is  exact  only  under  the  hypothesis  that  Uie  magnetic 
force  will  bo  completely  dissipated  at  breakage  of  contact. 

If  we  suppose /constant,  and  that  it  be  required  to  know  the  velocitj 

V  at  the  extremity  of  the  pen,  we  shall  have  v  =  \/2g'^ 

V  pp^ 

It  is  clear  that,  for  a  given  value  of  X,  this  velocity  is  proportional  t< 
the  square  root  of  the  moment  of  the  force  /J  and  inversely  propor- 
tional to  the  square  root  of  the  moment  of  inertia  of  the  moving  Bjsi&a 
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attain  a  high  Telocity  it  is  necessary  to  concentrate  on  a  very  small 
oatnre  a  very  great  magnetic  force. 

fhe  following  apparatus  solyes  the  difficulty.  It  consists  of  a  pen 
sd  to  a  small  axis  moving  on  two  pivots,  and  to  which  is  soldered  a 
er-arm,  at  the  extremity  of  which  is  a  small  plate  of  parchment  paper. 
3  weight  of  this  paper  is  about  ten  milligrammes,  and  the  resistance 
traction  about  one  kilogramme.  It  is  fixed  between  the  armature 
L  the  pole  of  the  electro-magnet.  A  caoutchouc  thread  exerts,  by  the 
srvention  of  the  lever,  a  power  of  400  to  500  grammes,  or  even  one 
>gnunme.  Thus  arranged,  the  apparatus  forms  the  first  type  of  my 
istersi  and  I  have  employed  it  in  the  measurement  of  the  pressure  of 
rder. 


No.  24. 

ON  PHENOMENA  OP  STATIC  INDUCTION  PRODUCED 
WITH  THE  RUHMKORPP  COIL. 

By  M.  E.  BicHAT. 

Ihe  most  suitable  apparatus  for  the  transformation  of  dynamic  elec- 
nty  into  static  electricity  is,  without  doubt,  the  Ruhmkorff  induction 
I ;  reciprocally,  the  same  coil  should  be  the  apparatus  best  suited  to 
I  inverse  transformation  of  static  into  dynamic  electricity.  If  there  be 
ised  a  series  of  sparks  of  static  electricity,  produced  by  a  Holtz 
chine,  through  the  fine  wire  of  a  coil,  in  the  thicker  wire  induced 
rents  will  arise,  and  these  currents  are  remarkable  amongst  other 
action  currents  produced  by  static  electricity  for  the  extreme  facility 
h  which  they  decompose  water  and  salts.  Theoretically  there  should 
alt  two  induced  currents  of  equal  quantity,  and  consequently  two  equal 
mtities  of  detonating  gas,  at  the  two  electrodes  of  the  voltameter.  Now 
s  is  not  the  case.  Por,  the  experiment  being  made  with  the  largest  of  the 
loction  coils  constructed  by  M.  Ruhmkorfi*,  on  one  side  is  disengaged 
Irogen  and  on  the  other  oxygen  nearly  pure.  If  instead  of  decom- 
dng  water  sulphate  of  copper  is  decomposed,  at  only  one  of  the 
ctrodes  is  copper  present,  and  always  so  directed  as  indicating  decom- 
iition  from  an  inverse  current.  It  appears,  then,  according  to  this 
leriment,  that  we  have  a  unique  current,  which  acts  in  contradiction 
the  known  facts  of  induction.  This  apparent  contradiction  I  seek  to 
)lmin. 
VOU  III.  K 
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It  is  natural  to  ask,  What  is  the  nature  of  the  influence  of  the  bundle  of 
iron  wires  in  the  Ruhmkorff  coil,  which  contribute  in  so  powerful  a  manner 
to  the  transformation  of  dynamic  into  static  electricity  ?  To  ascertain 
this  a  small  bobbin  was  procured,  in  which  the  iron  had  not  been  fixed. 
Here  is  a  resume  of  the  observations  : — 

When  the  bobbin  is  empty  the  current  is  always  feeble,  but  perfectly 
appreciable,  and  it  is  inverse  when  the  bar  of  iron  is  introduced;  the 
deflection  which  corresponds  to  an  inverse  current  is  much  increased, 
and  it  becomes  very  considerable  if  the  bar  of  iron  is  replaced  by  a 
bundle  of  iron  wires. 

It  is  to  be  remarked  that  the  disengagement  of  gas  produced  upon 
the  platinum  wires  of  the  voltameter  when  the  coil  is  empty  is  very  feeble 
and  insignificant,  becoming  perfectly  appreciable  after  the  introduction 
of  the  soft  iron  ;  so  that  the  gaseous  disengagement,  in  the  experiment 
made  with  the  large  coil,  will  be  nearly  entirely  attributable  to  the 
influence  of  the  soft  iron. 

K  care  be  taken  to  examine  the  conditions  of  the  experiment,  it  is 
easy  however  to  explain  these  phenomena.     Let  us  take   the  experi- 
ments on  the  polarisation  of  the  electrodes,  and  suppose  the  bobbin 
empty.     It  is  especially  necessary  to  remark  that  the  current  from  the 
Holtz  machine  is  obliged  to  traverse  a  very  long  circuit  of  very  small 
diameter,  which  constitutes  a  considerable  resistance.     The  two  elec- 
tricities— positive  and  negative — accumulate  little  by  little  upon  the 
terminals  of  the  excitator,  and  when  the  tension  is  sufficient  a  spark  will 
pass.     We  may  express  this  fact  more  simply  by  saying  that  the  spark 
commences  slowly  and  ends   on   the  contrary   abruptly.     There  then 
result  two  induced   currents,   equal  in  quantity  but  very  unequal  in 
tension.     The  tension  of  the  direct  current  which  corresponds  to  the 
rupture  is  enormous  compared  with  that  of  the  inverse  current.     Hie 
inverse  current  that  produces  the  former  arrives  at  the  voltameter  and 
decomposes  the  water.    This  decomposition,  which  is  slowly  produced, 
results  in  the  deposit  upon  the  platinum  wires  of  a  very  large  quantity  of 
microscopic  gaseous  bubbles  that  do  not  disengage  themselves,  and  conse- 
quently are  eminently  suited  to  the  production  of  currents  of  polarisation. 
The  direct  current  that  subsequently  arrives  also  decomposes  water, 
but  the  decomposition  is  effected  more  rapidly.     The  bubbles  of  gas  are 
larger,  less  adherent  to  the  platinum  wires,  and  immediately  disengage 
themselves,  producing  only  a  feeble  polarisation,  completely  incapable  of 
destroying  that  which  has  been  i)roduced  by  the  inverse  current. 
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The  apparent  production  of  a  unique  inverse  current  is  then  due  to 
the  difference  of  tension  of  the  two  induced  currents.  If  this  is  true,  it 
remains  to  be  seen  whether  the  galvanometric  deflection  diminishes  if  by 
known  means  we  diminish  the  tension  of  the  direct  current.  This  can 
be  effected  by  the  aid  of  diaphragms.  If  there  is  introduced  into 
the  empty  coil  a  continuous  copper  tube  the  galvanometric  deflection 
diminishes  immediately.  It  is  constant,  on  the  contrary,  if  before  the 
interposition  of  the  diaphragm  the  continuous  tube  is  replaced  by  a  split 
babe. 

Let  ns  suppose,  however,  that  a  bar  of  soft  iron  is  introduced  into  the 
soil.  The  phenomena  produced  when  the  coil  was  empty  still  occur;  but 
it  the  same  time  the  magnetisation  of  the  soft  iron  gives  rise  to  other 
ndnced  currents  which  have  effect  upon  the  former.  In  order  to  qom- 
prehend  what  occurs  it  is  necessary  to  remember  that,  of  the  two  induced 
mrrents,  direct  and  inverse,  it  is  that  magnetises  more  strongly  which  is 
possessed  of  the  greatest  tension— that  is  to  say,  the  direct  current.  We 
may  thus  say  that  the  magnetisation  produced  by  the  first  spark  is  direct. 
On  the  other  hand  we  know  that  there  is  always  a  certain  time  taken  to 
demagnetise  a  piece  of  soft  iron.  The  result  is,  that  the  sparks  of  the 
madiine  succeeding  each  other  with  rapidity,  the  magnetisation  produced 
by  the  first  spark  will  not  be  completely  destroyed  when  the  second  spark 
arriyes.  This  second  spark  aids  the  first,  and  increases  the  magnetisa- 
tion  of  the  soft  iron  ;  it  is  also  the  same  in  continuance.  We  have  then 
a  direct  magnetism  which  increases.  This  increasing  magnetism  should 
produce  an  inverse  current,  an  opinion  that  experiment  confirms. 

As  to  the  considerable  augmentation  of  the  effects  produced  by  the 
inverse  current  when  the  bar  is  replaced  by  a  bundle  of  soft  iron  wires, 
this  is  easily  explained  if,  in  the  phenomena  of  static  induction,  as  well 
as  in  the  phenomena  of  induction,  the  interposition  of  diaphragms  has 
the  effect  of  diminishing  the  tension.  The  demonstration  of  this  fact  is 
Tery  simple. 

En  remmi, — ^if,  in  the  large  wire  of  a  Euhmkorff  coil,  we  pass  a  battery 
current,  successively  interrupted  and  re-established,  we  obtain  in  the  fine 
wire  two  induced  currents  of  contrary  directions,  and  for  a  certain  ex- 
plosible  distance  it  appears  that  there  is  only  one  current.  This  current 
is  direct,  and  the  sparks  produced  by  this  current  have  every  appearance 
of  sparks  of  static  electricity. 

Reciprocally,  if  in  the  fine  wire  there  are  passed  a  series  of  sparks  of 
static  electricity,  there  are  obtained  in  the  thicker  wire  currents  analo^o\i& 

k2 
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to  those  furnished  by  the  battery,  and,  stadying  these  currents  by  means 
of  the  Yoltamctcr,  it  appears  that  there  is  only  one  current^  and  this 
current  is  inverse. 

By  reversing  the  machine  we  at  the  same  time  reyerse  the  direction 
of  the  induced  current. 


No.  26. 
ON  ELECTRO-STATIC  PHENOMENA  IN  BATTERIES. 

By  M.  Alfred  Anoot. 

We  know  that  the  fundamental  property  of  the  pile  is,  that  between 
each  element  there  exists  a  constant  difference  of  potential  a ;  this  dif- 
ference varies  only  with  the  nature  of  the  substances  in  contact  and  their 
temperature,  and  is  completely  independent  of  their  extent  and  peculiar 
electrical  condition.  This  sole  property  is  sufficient  to  establish  the 
theory  of  electro-static  phenomena  in  relation  to  batteries. 

Let  us  suppose  that  we  put  a  conducting  body  of  electric  capacity  C 
in  conmiunication  with  one  of  the  poles  at  the  potential  V  of  the  battery, 
which  we  will  suppose  insulated.  The  potential  decreases  to  r  on  this 
pole;  but  it  is  lowered  at  the  same  time  and  in  the  same  quantity 
through  all  the  battery,  for  the  difference  of  potential  of  a  couple  must 
be  constant,  and  independent  of  the  absolute  value  of  this  potential. 

In  thb  way,  as  the  potential  at  any  point  of  a  battery  varies  from  one 
couple  to  the  next,  the  contact  of  a  conducting  body  produces  in  all  points 
of  the  battery  an  equal  "  fall  "  of  potential,  exactly  as  on  a  conductor. 
Inversely,  any  electric  charge  which  should  raise  from  the  potential  v  any 
point  in  a  battery  would  produce  the  same  elevation  of  potential  at  all 
points. 

We  may  then  speak  of  the  electric  capacity  of  a  battery  as  of  that  of 
a  conducting  body ;  that  capacity  being  the  quantity  of  electricity  neces- 
sary to  elevate  from  unity  the  potential  of  any  point  of  a  battery. 

The  introduction  of  this  notion  of  capacity  of  the  battery,  and  the 
definition  of  this  capacity,  identical  with  that  of  a  conducting  body, 
admits  the  resolution  of  the  problem  of  the  dispersion  of  electricity 
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between  a  battery  and  a  conductor,  precisely  in  the  same  manner  and  by 
the  same  equations  as  the  dispersion  between  two  conductors. 

As  to  the  value  of  the  capacity  of  the  battery,  from  the  moment  we 
treat  it  as  a  conductor,  we  see  no  reason  a  priori  that  it  should  be  dif- 
ferent from  the  capacity  of  a  conducting  body  of  the  same  dimensions. 
This  may  be  demonstrated  directly  by  calculation;  but  I  have  given 
experimental  verification  in  the  following  manner  : 

Let  F  be  the  capacity  of  the  pile  defined,  as  has  been  said ;  C  that  of 
a  cylindrical  conductor  of  the  same  dimensions ;  and  E  that  of  a  body 
with  which  these  are  put  into  communication. 

The  potential  at  the  terminal  of  the  insulated  battery  being  F,  and 
falling  to  t^  by  contact  with  the  body  E,  the  latter  takes  a  charge  M^  so 
that  we  have 

whence  we  deduce 

E  PE 

V  =  Fp^  J,  and  M,  =  V^-^^ 

If,  on  the  other  hand,  we  put  into  communication  with  the  same  body  E 
the  cylinder  C  at  the  potential  F,  the  potential  is  then  lowered  to  v',  and 
the  cylinder  takes  a  charge  3f/,  so  that  we  have 

i»f/  =  (F-t;')-E?=Ct;', 

whence 

E  ^      ,  CE 

If  experiment  gives  Jfj  =  3f/,  it  may  be  concluded  that  C  —  P^  that  is 
to  say,  the  capacity  of  a  battery,  as  previously  defined,  is  expressed  by 
the  same  number  as  that  of  a  conducting  cylinder  of  the  same  dimen- 
sions. 

The  experiments  were  made  in  the  following  manner : — 
A  Volta's  column  was  taken,  supported  by  insulated  supports,  of 
which  the  inferior  pole  had  been  put  for  an  instant  in  communication 
with  earth.  The  potential  at  the  superior  pole  was  then  represented  by 
the  number  n  of  the  elements  of  the  pile.  This  pole  was  then  put  in 
communication  with  an  electrometer.     The  deflection  hi  of  the  electro- 

meter  was  proportional  to  its  charge  Mi,  so  that  the  quotient    *  repre- 
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"  CoMPTEs  Rendus,"  Tome  LXXIX. 

No.  1. 

ESEARCHES  ON  ELECTRIC  TRANSMISSION  BY 
LIGNEOUS  SUBSTANCES. 

By  the  Count  du  Mongel. 

some  time  I  have  observed  that  ligneous  substances  transmit 
currents,  and  that  it  is  possible  to  denote  upon  a  sensitive  galvano- 
he  presence  of  these  currents  under  subservient  conditions.  I 
to  assure  myself  whether,  in  this  relative  conductibility,  the  lig- 
latter  of  the  substance  itself  conducted,  or  whether  the  conduction 
b  due  to  the  humidity  with  which  these  bodies  are  more  or  less 
lated,  even  when  reputed  dry.  If  this  explanation  were  alone  the 
3,  galvanometric  experiment  would  furnish  an  easy  means  of  mea- 
not  only  the  more  or  less  humid  state  of  wood,  but  the  hygro- 
properties  of  different  kinds  of  wood,  an  important  result  in  the 
of  choosing  wood  for  the  construction  of  electrical  apparatus  of 
n. 

experimental  means  were  necessarily  delicate,  for  a  host  of  causes 
ntervene  and  furnish  false  results.  Thus  the  degree  of  pressure 
le  metallic  plates  in  conmiunication  with  the  wood,  its  more  or 
•feet  insulation  from  earth  and  from  the  walls  of  the  apartment  in 
!xperiment  was  made,  the  size  of  the  surface  put  in  communication 
e  metallic  circuit,  the  mass  of  the  wood,  the  more  or  less  humid 
3n  of  the  air  of  the  experimental  cabinet,  accidental  contact  of  the 
on  the  wires  communicating  with  the  galvanometer,  and  the  insu- 
»f  these  wires — these  are  among  the  causes  modifying  the  results 
d.  Even  th6  energy  of  the  currents  transmitted  had  a  peculiar 
EiUy  curious  influence.  Thus,  with  my  galvanometer  of  36,000 
i  current  which,  from  one  cause  or  other,  was  reduced  from  9°  to 
d  maintained  indeflnitely  at  the  latter  deflection  as  long  as  con- 
continued  with  the  battery  and  galvanometer,  would  not  yield  this 
on  when  the  galvanometer  after  returning  to  zero  from  breakage 
circuit  was  again  traversed  by  the  current.  We  may  suppose 
}  with  vibrations  of  the  pendulum,  the  force  necessary  to  maintain 
movement  already  begun,  was  insufficient  to  start  that  move- 
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ment.*    Under  these  conditions,  indeed,  my  galvanometer,  having  accom- 
plished an  impercepible  movement,  remained  at  zero,  whilst  influenced 
by  a  current  which  had  maintained  a  deflection  of  7^°  for  a  considerable 
time.   If  the*  current  were  a  little  stronger,  9°  for  example,  in  place  of  7  J° 
this  current  passed  as  ordinarily. 

It  is  easy  to  comprehend,  after  these  experiments,  that  it  is  very  diffi- 
cult to  afiirm  in  all  cases  that  the  absence  of  galvanometric  deflection 
indicates  always  the  complete  absence  of  currents,  even  supposing  the  gal- 
vanometer sufficiently  sensitive  to  reveal  them. 

The  experiments  I  have  undertaken  to  solve  the  problem  proposed  were 
arranged  in  the  following  manner. 

I  obtained  prisms  of  different  kinds  of  wood,  the  prisms  being  10  cm. 
long  by  2  cm.  in  width  and  1  cm.  in  depth.  I  measured  their  conducting 
power  by  placing  them  between  the  two  disjointed  extremities  of  a  drcoit 
terminated  by  two  plates  of  platinum,  and  I  strongly  pressed  these  plates 
upon  the  two  extremities  of  the  small  plates  of  wood  by  means  of  bronze 
clamps.  I  caused  to  pass  through  this  circuit,  in  which  I  included  my 
galvanometer,  the  current  from  six  sand  bichromatic  elements,  and  I 
noted  the  deflection  at  the  end  of  five  minutes  from  the  closing  of  the 
circuit.  When  this  first  operation  is  completed,  I  insert  the  samples  of 
the  woods  I  wish  to  study  for  half  an  hour,  and  for  two  hours,  and  at 
each  period  I  measure  their  conductive  power.  Subsequently,  I  allow 
them  to  remain  with  free  access  of  air  during  the  night  before  I  recom- 
mence my  measures.  Finally,  I  place  them  in  a  closed  vessel  saturated 
with  humidity  by  means  of  a  syphon  bearing  water  to  the  base  of  the 
vessel.  I  note  the  degree  of  humidity  and  I  measure  again  the  conduct- 
ing power.  The  contact  surfaces  of  the  platinum  plates  do  not  exceed 
6  □  cm.,  and  the  interval  between  the  plates  is  6  cm.  Every  precaution 
was  taken  to  avoid  the  perturbations  of  which  I  have  previously  spoken. 

I  will  not  now  give  the  figures  I  have  obtained ;  I  will  indicate  only 
the  results : 

1.  A  small  prism  of  oak,  of  the  dimensions  mentioned,  regarded  by  the 
cabinet-maker  as  being  very  dry,  furnished,  when  it  was  brought  me, 
a  deflection  of  55°  with  the  battery  I  have  described. 

2.  This  small  prism,  when  it  had  been  dried  for  two  hours  in  a  stove, 
gave  not  the  least  deflection  when  again  submitted  to  the  test. 

*  Wc  know  that  a  pendulous  weight  in  repose  necessitates  a  great  primary  farce 
to  pnt  it  in  motion ;  but  that  at  a  given  period  of  its  oscillation  an  exoeediDglj 
minute  force  suffices  to  maintain  the  motion  indefinitely. 
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8.  Presenred  in  a  sunny  chamber  for  several  hours  its  conductiyity  was 
not  increased. 

4.  Exposed  to  the  air  during  a  dry  July  night,  it  gave  in  the  morning 
a  deflection  of  18^. 

5.  A  table  of  large  sizey  fastened  it  is  true  to  a  wall,  but  dry  for  more 
tlian  six  years,  allowed  the  battery  current  to  pass  through  a  length  of 
2  metres,  so  that  a  deflection  of  9^  was  obtained,  and  this  deflection  was 
increased  to  12^  when  the  length  of  the  table  interposed  in  the  circuit 
was  reduced  to  50  cm. 

6.  The  degree  of  pressure  of  the  plate  of  platinum  against  the  wood 
has  so  much  influence  upon  the  intensity  of  the  current  transmitted,  that 
we  had  12^  with  a  maximum  pressure,  falling  to  zero  with  the  pressure 
of  the  platens  own  weight,  and  to  only  5^  with  a  feeble  pressure. 

It  results  from  these  experiments  that  it  is  to  the  aspired  humidity 
through  its  pores  that  wood  owes  its  relative  conductivity,  and  that  this 
conductivity  is  proportionate  to  the  degree  of  pressure  upon  the  plates 
of  communication  with  the  circuit. 


No.  2. 

FURTHER   RESEARCHES    UPON    THE    ELECTRIC 
CONDUCTIVITY  OP  LIGNEOUS  SUBSTANCES. 

By  the  Count  du  Moncel. 

In  my  last  communication  I  have  shown  that  the  relative  condnctibility 
of  wood  is  to  be  principally  attributed  to  the  greater  or  less  humidity  with 
which  it  is  always  more  or  less  impregnated,  and  that,  consequently,  the 
different  kinds  of  wood  should  have  their  conducting  power  proportionate 
to  their  hygrometric  property.  Before  studying  the  conducting  powers 
of  different  woods,  I  wished  to  ascertain  in  what  proportions  one  kind  of 
ligneous  substance  can  absorb  the  humidity  of  the  atmosphere  at  different 
periods  of  the  day,  and  I  arranged  a  piece  of  oak  in  such  a  manner  as  to 
constitute  a  hygrometer,  observing  at  the  same  time  the  position  of  a 
hair-hygrometer,  a  rermometer,  and  the  state  of  the  sky. 

The  piece  of  oak,  which  was  a  small  prism  of  10  cm.  length,  and  of 
2  cm.  depth  and  width,  was  connected  to  the  galvanometer  circuit  and 
battery  by  gutta-percha-covered  wires.  Pour  plates  of  platinum  were 
strongly  pressed  to  the  extremities  of  the  prism  by  means  of  clamps  ; 
and  the  whole  was  suspended  by  the  interocation  of  gutta-percha  supports, 
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and  cords  of  the  same  material,  before  the  laboratory  window.  At  mid- 
day the  system  received  the  sun's  rays.  From  this,  the  alternation  of 
humidity  and  dryness  was  more  marked.  The  following  is  a  resume  of 
experiments  made  at  three-hourly  periods  during  five  consecutive  days :— 


Condnctibility  of 
the  wood. 

Ilygrometer. 

Thermometer. 

6  a.m. 

16-9° 

45-9° 

18-4° 

9  a.m. 

15-0 

36-7 

211 

Noon 

12-1 

24-9 

24-2 

3  p.m. 

9-9 

21-2 

25-8 

6  p.m. 

7-5 

28-9 

22-5 

9  p.m. 

8-6 

42-4 

19-6 

Midnight 

10-8 

48-9 

17-4 

3  a.m. 

13-9 

50-0 

16-2 

For  a  perfectly  fine  day  these  values,  in  twenty-four  hours,  were  : — 


Wood  condnctibility. 

Hygrometer. 

Thermometer. 

6  p.m. 

9-0° 

340° 

22-0^ 

9  p.m. 

110 

490 

18-0 

Midnight 

15-0 

51-5 

17-5 

3  a.m. 

18-0 

50-0 

16-2 

6  a.m. 

22-0 

51-5 

160 

9  a.m. 

ia-0 

32-0 

22-5 

Mid-day 

13-5 

19-0 

250 

3  p.m. 

14-0 

17-5 

260 

It  is  evident,  according  to  this  table,  that  the  condnctibility  of  the  wood 
follows  variations  that  affect  the  hydrometer,  but  that  these  variations  are 
slower  in  the  one  case  than  in  the  other,  becaiise  the  maxima  and  the 
minima  of  condnctibility  are  attained  some  time  after  the  corresponding 
humidity  of  the  air.  It  is  towards  6  a.m.  that  the  condnctibility  of  the 
wood  is  greatest,  and  towards  6  p.m.  that  it  attains  its  TninimTiTn  ralne, 
while  the  hygrometric  maxima  and  minima  are  at  3  a.m.  and  at  8  p.m. 
This  effect  is  to  be  easily  understood  if  we  reflect  that  the  humidity  of 
the  night,  penetrating  further  into  the  wood,  collects  a  greater  quantity 
of  water,  which  not  only  increases  the  condnctibility,  but  preserves  this 
for  some  time,  that  is  to  say,  until  its  evaporation  by  the  sun* 
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Temperature  also  exercises  a  peculiar  action  during  the  drying,  since 
its  increase  gives  increase  to  the  conductibilitj  of  the  absorbed  liquid,  and 
there  results  that,  if  there  is  a  small  difference  between  the  dryings 
produced  when  the  temperature  rises  from  one  degree  to  a  higher  degree 
there  is  thus  an  increase  in  the  galvanometric  deflection,  instead  of  a 
decrease.  This  is  precisely  what  takes  place  with  the  experiments 
furnishing  the  results  giyen  in  the  second  table.  Thus,  the  temperament 
being  at  mid-day  25^  and  at  3  o'clock  26°,  the  intensity  of  the  trans- 
mitted current  was  at  mid-day  13*5°,  and  at  3  o^clock  14°. 

The  experiments  with  the  different  kinds  of  wood  have  been  repeated 
four  times.    The  following  are  the  results  obtained  :-~ 


Wood.* 


Aftorahonn 
In  moist 
cftfainefc. 


Black  Ebony  (Dio- 
pyros  ebenmn)  .. 

Oonunon  Box 

Acacia 

Poplar 

waiow 

Linden    > 

Chestnut    , 

Red  Pine    

Walnnt  

White  Pine   

Ehn 

Yew 

Beech 

Plane 

Virginian  Cedar  ... 
Hobi-Oak  (green). . . 

Apple 

Ordinaiy  Oak   


76*» 

22 

14 

27 

10 

10 

9 

12 

9 

8 

9 

8 

7-6 

6 

6 

6 

3 

3 


After  Shonn 
in  a  §tOTe. 


At  the  moment 

of  receipt  from 

the  joiner. 


0 
6«  0 

0 

0 
6    0 

0 
6    0 

0 
4  0 
6    0 

0 

4  0 
0 

5  0 

6  0 
60    0 

4    0 
6    0 


86° 

76 

55 

85 

50 

87 

85 

62 

45 

32 

48 

46 

38 

56 

51 

90 

86 

32 


After  6  honn 
in  moist 
cabinet 


80° 

35 

18-6 

44 

21 

24 

12-5 

20 

12 

11 

13 

9 

10*5 
10 

7 

7 

3 

3 


After  3  honra 

a^^  in  the  store 

and  15  hours  in 

moist  cabinet. 


14° 

17 

10 

17 

15 

43 

48 

18 

15 

25 

35 

10 

30 

11 

9 
17 
10 

9 


*  Reduced  Table.    (Trans.) 

It  would  have  been  difficult,  after  the  first  experiments  recorded  in  the 
first  four  columns  of  the  preceding  table,  to  decide  a  priori  if  the  con- 
siderable difference  observed  between  the  conductivities  of  different  kinds 
of  wood  arise  uniquely  from  a  more  or  less  hygrometric  quality,  or 
simply  from  a  certain  quantity  of  humidity  concentrated  in  the  interior  of 
the  wood  which  escaped  the  action  of  the  stove,  and  which  announces  its 
presence  after  -a  certain  time.  This  much  is  certain,  that  after  submitting 
the  samples  of  wood  in  question  again  to  drying  for  two  hours  in  the 
stove  I  could  not  obtain  a  galvanometric  deflection  after  two   hours' 
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sojourn  in  the  moist  cabinet,  and  it  is  only  after  fifteen  hours'  sta 
that  I  obtained  the  results  given  in  the  fifth  column  of  the  table 
are  the  ratios  of  true  absorption. 


No.  3. 
ON  THE  ACTION  OF  TWO  CURRENT  ELEMENTl 

By  M.  T.  Bbrtrand. 

Two  parallel  currents  attract  each  other  when  their  direction 
same,  and  mutually  repel  when  their  directions  are  opposed, 
enunciated  this  law,  Ampere  has  immediately  generalised  its  ex 
to  two  current  elements,  to  which  he  may  apply,  whatever  may  1 
relative  direction,  the  idea  of  motion  in  the  same  direction  or  in  c< 
directions.  Two  currents  are  said  to  be  in  the  same  direction  wh* 
are  propagated  to  the  foot  of  a  common  perpendicular,  or  wh( 
mutually  approach  ;  in  contrary  cases,  they  are  in  different  dir 
In  adopting  these  terms,  it  is  not  exact  to  say  that  two  elements 
same  direction  attract  each  other.  As  this  assertion  has  been  repi 
in  all  physical  treatises,  and  as  it  serves  as  the  basis  of  several  im 
explanations,  I  believe  it  will  be  interesting  (1)  To  show  that  i 
disaccord  with  Ampere's  law;  and  (2)  To  solve  the  following  prob 

A  current  element  being  given,  to  find  a  point  M  in  space 
direction  that  it  is  necessary  to  assign  to  another  element  in  ore 
their  mutual  action  may  be  attractive,  repulsive,  or  nil. 

Let  us  suppose  the  element  ds  placed  at  the  origin  of  co-ordinai 
directed  along  the  axis  X\  let  us  seek  the  condition  that  an  elei 
which  the  co-ordinates  are  x\  y\  z'  are  without  action  on  ds. 
nating  by  6  and  6'  the  angles  formed  by  the  two  elements  with  th 
line  that  joins  them,  and  by  e  the  angle  they  form  between  the 
condition,  according  to  Ampke's  law,  is — 

Q 

(1)  cos  e  =  -  cos  e  cos  B'\ 

but,  designating  by  r  the  radius  vector  and  ds!  the  attracting  el 
we  have 

cos  e  =  - 

r 

/!/      dr 

dx' 
C08e  =  ^^ 
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The  equation  (1)  becomes 

^  7  da"^  "  df 


(2)  3^'j;=2^' 


of  wliicb  the  integral  is 

(3)  r»  =  A  a;«, 

the  equation  to  a  surface  of  revolution  of  which  the  axis  is  the  axis  of 
X,  and  of  which  the  curve  has  for  its  equation,  as  related  to  polar 
co-ordinates, 

(4)  r=:Acos^e. 

Whatever  may  be  the  form  and  direction  of  a  current  wound  on  such 
'  surface,  the  action  upon  an  element  placed  at  the  vertex  and  directed 
lon^  the  axis  will  be  nil.  The  presence  of  the  arbitrary  constant  in 
}a&1;ion  (4)  admits  the  relation  of  the  surface  with  a  known  point  in 
^ace,  and  there  exists  in  each  point  an  infinity  of  directions  in  which  we 
oy  place  an  element  da'  in  such  manner  as  to  annul  its  action  on  the 
iveix  element  ds ;  these  directions  are  all  in  the  plane  tangent  to  the 
ul*^a«e  found.  It  is  clear  that  the  action  is  maximum  when  the  element 
i^OTmal  to  the  surface,  and  that  it  is  for  an  element  of  given  length 
^^  intensity,  proportional  to  the  cosine  of  the  angle  formed  with  the 
lonxial.  If  the  element  ds,  placed  along  the  axis  of  the  surface,  is 
lir^cted  exteriorly,  any  element  starting  from  a  point  of  the  same  surface 
^^  directed  exteriorly  will  exert  a  repellant,  and  any  element  directed 
interiorly  will  exert  an  attractive,  action. 

Paget  Hiqos,  LL.D.  D.Sc. 


GEOMETRICAL  ILLUSTRATIONS  OF  OHM'S  LAW. 

By  Prof.  G.  C.  Foster,  F.R.S. 

To  find  the  internal  resistance  and  the  electromotive  force  of  a  battery 
without  the  use  of  tables. 

I.  By  means  of  a  tangent  galvanometer, 

A  circuit  is  made  up  of  a  battery,  tangent  galvanometer,  and  set 
resistance  coils.  On  making  contact  the  galvanometer  needle  is  deflected 
through  an  angle  a ;  then  a  resistance  R  is  added,  and  the  deflection 
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falls  to  the  value  ft.     Take  a  point  A  in  a  straight  line,  and  make  angle 
B  A  C  z=  a.     Make  A  B  =  R,  and  angle  D  B  C  =  /3.      Let  fall  CD+DB. 

Fig.  1. 


DA  B 

Then  D  A  measures  original  resistance  of  the  circuit,  and  C  D  the  electro- 
motive force,  because— 

CD 

jY^zz  tan  a  =  1st  current, 

and— 

CD 

j^=  tan  ft  =  2nd  current. 

II.  By  means  of  a  sine  galvanometer. 

Make  D  A  C  =  a,  and  D  B  C  =  /3.      Produce  B  C  to  E,  and  draw 
E  D  bisecting  E  C  A.    With  centre  D  draw  a  circle  to  touch  A  C  and 

Fig.  2. 
E 


C  E.     The  radius  of  this  circle  measures  the  electromotive  force,  and  AD, 
as  before,  measures  the  internal  resistance.     For— 

D  F  =  radius  of  circle  =  D  F', 

D  F        .  D  F' 

=p^  zz  sin  a  and  ^jy^  =:  sin  ft. 

Telegraphic  Journal* 


ARGENTINE  TELEGRAPHS. 

The  following  statistics  of  the  telegraph   system  of  the  Argentine 
Republic  are  extracted  from  an  official  report  by  Mr.  Charles  Bnrton 
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[on.   Secretary  of  the   Society  of   Telegraph   Engineers),  Director- 
sneral  of  Telegri^hs  :«- 


Miles  of  Line  constructed  in  each  Year. 


Under  Contract 

1870. 

7871. 

187S. 

1878. 

1874. 

Total 

IfilM. 

No.  1 
„  2       . 
„  3       . 
„  4       . 
„  6       . 

129 

362 
386 
250 
186 

397 
257* 

236 

124 
178 

53 

60 

1,012 
696 
250 
186 
474 

129 

1,184 

890 

302 

113 

2,618 

Iron  posts  (Siemens's  patent)  haye  been  placed  on  1,448  miles  of  line, 

1  for  a  distance  of  1,170  miles  wooden  poles  of  this  country,  and  in 

'ir  natural  state,  have  been  used. 

The  total  extension  of  the  line  amounts  to  2,618  miles,  with  5,218 

les  of  wires. 

I^ere  are  58  offices  open  to  the  public,  there  being  also  instruments 

service  and  official  use  in  the  Ministry  of  the  Interior,  in  the 
ejection  General,  and  in  the  Telegraphic  School.  There  have  also 
CI  offices  in  the  International  Exhibition  in  Cordoba  and  ip.  Rio  do 

Piedras,  the  latter  one  having  been  removed  to  Rosario  de  la 
mtera  in  consequence  of  the  intermittent  fevers,  which  prevented  the 
*ks  attending  to  their  duties. 

Rie  preceding  figures  refer  to  the  national  telegraphs  only,  besides 
ch  the  following  have  been  constructed  :^- 


• 

Mius. 

Line. 

Wire. 

'  TransfLndine,  snbventioned  by  the  National  Goyemmont    . 

ProYincial  (Tolegrafo  del  Estado) 

t  Centnd  Argentine  Railway  Telegraph         .... 
'  Western                   do.               do 

>  Great  Sonthem       do.               do 

'  Northern                  do.               do 

>  Ensenada                 do.               do 

'  East  Argentine        do.               do.      .        «        .        .        . 
1  River  Plate  Telegraph  Conjpany 

617 

250 

248 

151 

150 

18 

32 

30 

32 

1,234 

500 

406 

259 

218 

36 

64 

60 

64 

Total 

1,528 

2,841 
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By  adding  the  extension  of  the  above  to  the  national  telegraphs  we 
have  a  total  for  the  Argentine  Republic  of  4,146  miles  of  line  and  8,059 
miles  of  wire. 

Transmission  Signals. 

As  the  instrmnents  in  our  sendee  are  all  ''  Morse/'  the  alphabetical 
signs  in  use  are  simply  an  adoption  of  those  used  in  Europe  by  the 
administrations  which  have  subscribed  to  the  International  Convention. 

Intentional  Damages. 

The  lines  suffer  frequently  from  mischievous  injuries,  without  it  being 
possible  to  discover  the  delinquents,  but  they  must  be  committed  by — Ist. 
Those  who  do  not  fully  understand  the  serious  results  of  their  acts ;  2nd. 
Linemen  dismissed  for  bad  conduct ;  Srd.  Ignorant  people,  who  Qnnk 
that  by  intercepting  the  national  lines  they  benefit  some  other  under- 
taking ;  and,  4th.  Persons  occupied  in  subversive  politics,  who  cut  the 
telegraph  whenever  they  expect  the  transmission  of  any  governmental 
order  which  might  impede  the  realisation  of  their  projects. 

Once  a  wire  appeared  cut  on  the  line  which  runs  to  the  northern  pro- 
vinces, in  the  section  between  Rosario  and  Cordoba,  and  alongside  the 
Central  Argentine  Railway.  The  linemen  revised  several  times  withont 
noting  any  defect,  either  from  the  train  or  on  horseback :  it  was  neces- 
sary to  order  them  revise  more  minutely  on  foot,  when  they  found  that 
a  piece  of  wire  had  been  cut  out,  and  replaced  by  a  curtain- cord  of  the 
same  size,  and  painted  to  resemble  the  line-wire. 

At  other  times,  in  the  same  section  and  in  that  from  Buenos  Ayres  to 
Rosario,  as  also  in  other  parts,  there  have  been  found  fine  guitar-strings 
placed  with  much  precision  uniting  the  wires  to  the  iron  post,  and  in  such 
points  as  were  with  difficulty  seen  from  the  road. 

One  intemiption  which  was  produced  between  San  Nicolas  and  Rosario 
merits  special  notice.  A  guitar-string  of  metal,  which  had  been  used  to 
place  the  two  line-wires  in  contact,  had  been  wrapped  first  in  a  piece  of 
raw  hide,  in  such  a  manner  that  the  linemen  noticed  only  the  strip  of 
hide,  but  knowing  that  this  alone  could  not  be  the  cause  of  the  interrup- 
tion ;  thus  causing  a  considerable  delay  in  the  discovery  of  the  obstacle. 

The  provincial  authorities,  which  in  all  parts  do  not  desire  to  acknow- 
ledge the  independence  of  Federal  Government  employSs,  sometimes  inter- 
fere with  the  working  of  the  telegraphs  with  exaggerated  pretensions, 
which  perhaps  on  some  occasions  might  be  considered  violence.     Boti  I 
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am  glad  to  say,  these  difficulties  have  always  disappeared  the  moment  the 
Federal  Qoyemment  took  the  question  in  hand. 

Mechanical  Department. 

The  ifmrkshop  for  the  repairs  of  instruments,  &c.  has  continued  to  be 
attended  to  by  the  Sub-Director  until  a  few  days  ago,  when  a  mechanician 
was  appointed  who  had  been  occupied  for  fourteen  years  in  a  similar 
employment. 

Our  Morse  instruments  have  been  constructed  with  the  utmost  care. 
For  this  reason  not  one  has  been  rendered  unfit  for  work;  only  such 
damages  have  been  caused  as  arc  due  to  the  inexperienced  hands  of  the 
learners,  who  sometimes  have  to  manipulate  them,  but  the  injury  caused 
has  been  repaired  immediately. 

New  Lines. 

The  construction  of  our  land-lines  may  be  said  to  be  conchided  for  the 
present.  All  the  provinces  of  the  Republic  are  placed  in  communication 
wi&  one  another.  So  many  lines  having  been  constructed  simultaneously 
and  in  equal  conditions,  the  result  is,  that  the  trunk  of  this  telegraphic 
tree  being  only  of  equal  dimensions  with  its  numerous  branches,  it  cannot 
conveniently  despatch  the  communications  with  which  these  overcharge  it. 
Thus  we  have  the  telegraph  of*two  wires  uniting  the  cities  of  Buenos 
Ay  res  and  Rosario,  which  might  serve  to  maintain  satisfactorily  the 
communication  between  these  two  points,  obstructed  with  the  torrent  of 
despatches  proceeding  from  the  lines  in  all  the  other  provinces  furnished 
with  telegraphs  possessing  an  equal  number  of  wires. 


THE  ELECTROMOTOGRAPH. 

A  NEW  DISCOVERT  IN  TELEGRAPHY. 

« 

To  THE  Editor  of  The  Scientific  American  ;— 

In  my  new  system  of  telegraphy  it  would  seem  that  power  was 
obtained,  or  that  electricity  had  been  passed  into  a  new  mode  of  motion, 
as  with  magnetism,  but  this  is  only  apparent,  not  real,  if  I  understand  it 
right. 

The  electricity,  acting  by  electrolysis,  changes  the  nature  of  the 
surface  of  the  paper,  either  by  depriving  it  of  some  constituent,  or  the 
hydrogen,  in  conjunction  with  the  metal  and  paper,  forms  substitution 

VOL.  HI.  L 
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compounds,  the  surfaces  of  which  are  smoother  than  the  paper  in  its 
natural  state,  in  the  manner  that  the  surface  of  rough  paper  is  made 
smooth  by  dipping  it  into  sulphuric  acid.  The  strangest  thing  con- 
nected with  this  phenomenon,  however,  is  this  : 

In  trying  to  ascertain  what  caused  the  lever  to  move,  whether  it  wa« 
by  reducing  the  lead  by  hydrogen  to  a  finely-divided  powder  that  acted 
as  a  lubricant,  or  whether  the  nature  of  the  surface  of  the  lead  were 
changed  by  the  absorption  of  hydrogen,  like  palladium,  or  whether 
the  eflfect  were  due  to  the  eflfort  of  the  gases  to  escape  from  under  the 
lever, — I  was  led  away  from  these  notions  by  finding  that  platinum,  with 
sulphate  of  quinine,  will  likewise  show  the  movement.  It  then  struck 
me  that  the  nature  of  the  paper  was  changed  by  the  electrolysis.  To 
test  this,  I  had  a  long  message  received  over  the  Automatic  Telegraph 
wire  from  Washington  (this  wire  runs  into  my  laboratory  at  Newark),  and 
recording  the  same  on  ordinary  chemically  prepared  paper.  The  speed 
with  which  the  message  was  sent  from  Washington  was  about  800  words 
per  minute,  and  the  colourations  forming  the  dots  and  dashes  were  rather 
faint.  I  then  passed  the  strip  into  the  clectromotograph  (I  use  this 
name  for  the  want  of  a  better  one),  the  colourations  being  in  a  direct  line 
with  the  lead  point.  On  rotation  of  the  drum,  and  when  no  colouration 
was  under  the  lead  point,  the  lever  was  carried  forward  by  the  normal 
friction  of  the  paper.  But  the  moment  a  colouration  passed  under  it  the 
lead  point  slid  upon  the  paper  as  upon  ice,  the  friction  was  greatly  re- 
duced, and  the  lever  moved  in  an  opposite  direction  to  the  rotating  drum. 

In  this  experiment  no  battery  was  connected  to  the  instrument.  This 
proves  that  electrolysis  produces  a  change  in  the  nature  of  the  paper. 

I  afterwards  found  that,  if  a  tin  pen  were  used  to  receive  the  message 
from  Washington,  although  no  marks  were  seen,  the  paper  appearing 
imchanged,  yet,  on  passing  the  paper  through  the  instrument,  the  move- 
ment of  the  lever  was  more  marked  than  before.  Receiving  the  message 
with  a  lead  pen  did  not  give  so  good  results,  although  lead  is  the  best 
when  used  direct,  standing  at  the  head  of  the  twelve  metals  tried.  The 
next  is  thallium.  On  paper  moistened  with  aqueous  solution  of  pyro- 
gallic  acid,  tin  is  equal  to  thallium.  Of  all  the  solutions  yet  tested, 
potassic  hydrate  has  been  found  to  give  the  most  marked  results.  The 
second  best  is  sulphate  of  quinine  Third,  hydroclilorale  of  rosaniline 
oxidized  and  discoloured  by  nitrous  acid. 

A  peculiarity  of  the  ciuinine  solution  is  that  platinimi  shows  an  action, 
and  shows  it  when  either  oxygeu  or  hydrogen  is  evolved   on  its  surface. 
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With  hydrogen  the  friction  is  lessened,  as  with  all  other  metals  ;  but  with 
oxygen  the  friction  is  increased.  This  is  so  with  all  the  metals  subject 
to  oxidation  ;  but  it  appeared  strange  at  first  that  it  would  show  with  a 
metal  upon  which  the  nascent  gases  had  no  effect. 

With  a  lead  point  and  a  solution  of  the  disinfectant  known  as  bromo- 
chloralum,  the  evolution  of  oxygen  increases  the  friction  of  the  paper 
enormously. 

Silver  seldom  shows  a  movement  with  any  solution ;  and  when  it  does 
it  is  very  weak. 

Sulphuric  add  shows  least  movement  with  any  metal. 

It  appears  to  be  a  matter  of  indifference  as  to  the  character  of  the 
metal  used  for  the  drum,  which  acts  as  one  of  the  decomposing  electrodes. 
Considering  that  the  lever  will  close  a  secondary  circuit  under  the  great 
pressure  used  upon  the  lever,  its  sensitiveness  to  electricity  is  wonderful. 
With  a  delicately  constructed  machine  moved  by  clockwork,  which  I 
have  nearly  finished,  I  have  succeeded  in  obtaining  a  movement  of  the 
lever  sufficient  to  close  the  local  dircuit  with  a  current  (through  over  one 
million  ohms,  equal  to  100,000  miles  of  telegraph  wire),  which  was  in- 
sufficient to  discolour  paper  moistened  with  potassic  iodide  or  move  an 
ordinary  galvanometer  needle.  Messages  may  be  read  from  the  sound  of 
the  lever  when  the  most  delicate  telegraph  magnet  shows  no  current. 

The  uses  of  this  instrument  are  many  ;  in  fact,  it  gives  an  entire  new 
system  of  telegraphy. 

As  no  secondary  currents  are  generated,  as  with  an  electromagnet,  to 
prevent  the  instant  magnetization  or  demagnetization  of  the  iron  cores, 
and  electrolysis  being  instantaneous,  it  is  obvious  that  the  lever  will 
respond  to  signals  transmitted  with  great  rapidity.  I  have  succeeded  in 
transferring  signals  from  one  circuit  to  another  at  the  rate  of  650  words 
per  minute;  hence  it  may  be  used  to  repeat  the  rapid  signals  of  the 
automatic  telegraph  into  secondary  circuits. 

By  attaching  an  ink  wheel  to  the  extremity  of  the  lever,  opposite  a 
continuous  strip  of  paper  moved  by  clockwork,  messages  transmitted  at  a 
speed  of  several  hundred  words  per  minute  may  be  recorded  in  ink.  By 
attaching  a  local  circuit  to  the  repeating  points,  and  adding  thereto 
a  sounder,  it  may  be  used  as  a  Morse  relay  to  work  long  lines  of 
telegraph.  T.  A.  Euisox. 

Newark,  N.  J.,  Angnst,  1874. 
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ON  THE  FALL  IN  PITCH  OF  STRAINED  WIRES  THROUGH 
WHICH  A  GALVANIC  CURRENT  IS  PASSING. 

By  Dr.  W.  H.  Stone.* 

The  object  of  this  paper  was  to  apply  the  vibrations  of  sound  to  the 
measurement  of  electrical  currents,  and  to  distinguish  what  was  due  to 
heating  eflfects  from  those  caused  by  alteration  of  elasticity. 

Strings  of  brass  and  steel,  such  as  are  used  for  pianofortes  (No.  16 
gauge),  were  stretched,  by  means  of  wrest-pins,  across  a  resonant  box, 
over  bridges  surmounted  by  brass  bearings,  and  tuned  to  unison.  On 
passing  a  current  from  two  or  more  Grove's  batteries  through  them,  a 
very  marked  fall  in  pitch  was  obtained.  The  vibrating  string  being  24 
inches  long,  and  tuned  to  two-foot  C,  the  tone  sank  above  a  fourth  in 
steel  and  a  major  third  in  brass. 

This  result  being  a  compound  of  actual  lengthening  by  heat  and  of 
other  causes,  it  was,  in  a  second  experiment,  endeavoured  to  eliminate 
the  former  element  by  straining  similar  strings  between  the  same  bridges 
by  means  of  a  weight.  This  was  attached  to  the  arm  of  a  bent  lever,  to 
the  short  end  of  which  the  string  was  made  fast.  By  shifting  the  position 
of  a  four-pound  weight  along  the  arm,  very  accurate  unison,  or  definite 
periodicity  of  beats,  could  be  obtained.  When  the  current  from  the 
battery  was  passed  through  this  string,  free  to  expand  by  the  falling  of 
the  weight,  and  therefore  at  a  constant  tension,  a  fall  of  pitch  was  still 
noticed.  There  was  also  a  veiy  marked  loss  of  tone,  which,  on  approaching 
a  red  heat,  amounted  to  a  total  extinction  of  sound. 

A  third  experiment  exhibited  the  changes  of  electrical  resistance  in  a 
wire  subjected  to  variations  of  strain.  The  wire  was  accurately  balanced 
against  another  resistance  in  a  Wheatstone's  bridge,  and  the  spot  of  light 
from  a  mirror-galvanometer  joining  the  two  circuits  thrown  on  the 
screen.  On  suddenly  increasing  the  tension  and  raising  the  musical 
pitch  of  the  string,  the  galvanometer  was  visibly  deflected  This  was 
not  an  effect  of  heat  (since  the  balance  had  been  brought  about  during 

♦  Read  before  the  Physical  Society,  May  U,  1874.  Cominanicated  by  the 
Society. 
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the  passage  of  the  current),  and  must  be  due  to  altered  molecular  state 
caused  by  the  strain. 

It  was  incidentallj  noticed  that,  when  beats  were  produced  by  two 
strings  on  the  same  sonometer,  they  continued  to  be  sensible  to  the 
touch  by  laying  the  hand  on  the  instrument  long  after,  from  diminution 
of  amplitude  in  the  vibration,  or  from  slowness  in  the  beats  themselves, 
they  had  ceased  to  be  audible.  This  afforded  a  good  demonstration  of  the 
continuity  of  sensation  in  touch  and  hearing.— P^tYoaop^icaZ  Magazine, 


ON    CERTAIN   REMARKABLE   MOLECULAR   CHANGES 
OCCURRING  IN  IRON  WIRE  AT  A  LOW  RED  HEAT. 

By  W.  F.  Barrett,  F.C.8., 

(  Professor  of  Experimental  Physics  in  the  Royal  College  of  Science, 

Dublin). 

In  the  "Proceedings  of  the  Royal  Society"  for  January  28,  1869,  Mr. 
Gore  published  the  important  fact,  that,  when  an  iron  wire  is  heated  to 
bright  incandescence  and  then  allowed  to  cool,  a  momentary  elongation^ 
or,  as  Mr.  Gore  believed,  diminution  of  cohesion,  of  the  wire  occurs  just 
after  it  has  begun  to  contract  by  cooling.  The  main  points  in  Mr.  Gore's 
paper  are  as  follows :  A  thin  iron  wire  fixed  at  one  end  to  a  binding- 
screw  is  attached  at  the  other  to  an  index  which  multiplies  any  motion 
of  the  wire ;  the  wire  is  strained  horizontally  by  a  feeble  spiing ;  and 
matters  are  so  arranged  that  the  wire  can  be  heated  by  an  electric  current 
or  by  a  row  of  gas  jets.  When  heated,  the  wire  expands  and  the  spring 
pulls  the  index  over.  A  sketch  of  the  instrument  is  given  in  the  Philo- 
sophical Magazine  for  July  1869.  Mr.  Gore  states  that  no  anomalous 
action  is  observed  on  heating  the  wire  to  bright  incandescence ;  but,  when 
the  heating  is  discontinued  and  cooling  begins,  the  index  moves  back 
until  a  moderate  red  heat  is  attained,  when  suddenly  the  pointer  gives  a 
jerk  or  kick,  indicating  a  momentary  elongation  of  the  wire  during  the 
progress  of  its  contraction.  This  effect  is  perfectly  certain,  and  always 
occurs  at  this  particular  temperature.  Mr.  Gore  states  that  iron  wire  of 
a  certain  thinness  and  a  certain  tension  of  the  spring  is  necessary,  and 


166  ABSTRACTS  AND  EXTRACTS. 

that  the  phenomenon  is  apparently  confined  to  cooling  iron,  no  gnch  change 
hcing  evident  during  the  heating  or  cooling  of  wires  drawn  from  the 
wide  range  of  other  metals  he  has  examined.  Further,  Mr.  Qore  has 
investigated  the  production  of  induced  currents  during  the  cooling  of 
magnetized  iron  bars,  one  portion  of  which  had  been  heated  to  redness; 
and  the  result  showed  that  the  iron  bar  ^'  suddenly  increased  in  magnetic 
capacity  during  cooling  at  a  particular  temperature  of  moderate  red 
heat." 

Having  occasion  to  show  Mr.  Gore's  discovery  in  the  course  of  a  lecture 
delivered  some  eighteen  months  ago  to  the  Dublin  Royal  Society,  Mr. 
Gore  kindly  furnished  me  with  his  own  apparatus.  By  attaching  to  the 
movable  cross-piece  a  light  mirror,  from  which  a  brilliant  ray  of  light  was 
reflected  to  a  scale  on  a  distant  wall,  the  effect  sought  was  not  only  vastly 
magnified,  but  one  or  two  new  facts  also  revealed  themselves,  (i.)  Doring 
the  heating  of  the  wire  a  slight  and  momentary  retrogression  of  the  beam 
was  noticed  at  the  temperature  corresponding  to  the  powerful  jerk  that 
occurred  on  cooling :  some  smaller  tremblings  of  the  beam  were  noticed 
at  higher  and  lower  temperatures;  but  these  seemed  due  to  irregular 
heating  and  cooling,  (ii.)  It  was  evident  that  the  anomalous  deportment 
of  the  iron  occurred  approximately  at  the  critical  temperature  when  iron 
undergoes  its  principal  magnetic  change. 

Mr.  (Jore  having  stated  in  a  letter  to  me,  written  in  May  1872,  that 
he  had  no  intention  at  present  of  making  any  more  experiments  in  the 
direction  of  his  discovery,  and  adding,  that  the  subject  was  quite  open  to  me, 
I  felt  at  liberty  to  pursue  the  inquiry  thus  suggested.  It  was  not,  how- 
ever, till  this  autumn  that  I  could  find  the  necessary  leisure  ;  and  the 
following  results  were  then  obtained. 

My  best  thanks  are  here  due  to  Professor  Guthrie  for  his  hearty 
welcome  to  use  his  laboratory  at  South  Kensington,  where  the  experiments 
have  been  conducted. 

I. 

Employing  twenty  Grove  cells,  I  have  had  no  diflScnlty  in  obtaining 
this  anomalous  behaviour  with  moderately  thick  iron  wires.  These  have 
the  advantage  of  allowing  the  effect  to  be  studied  more  leisnrely,  the 
phenomenon  sought  for  occurring  several  seconds  after  the  intermption 
of  the  current.  The  temperature  at  which  the  momentary  jerk  occnrs 
seems  to  be  lower  in  thick  wu-es  than  in  thin  ones,  the  critical  point  being 
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a  moderately  bright  or  cherry-red  heat  in  thin  iron  wire,  say  No.  23,  and 
a  very  dull  red  heat  in  thick  wire,  say  No.  20 ;  the  latter  wire  is,  in  fact, 
in  the  stage  just  preceding  obscurity  when  the  effect  occurs.  The 
internal  temperature  of  the  thicker  wires  is  no  doubt  masked  by  the 
cooling  of  their  surface,  whereas  in  thin  wires  the  cooling  throughout  is 
extremely  rapid,  and  moreover  the  transitions  of  temperature  cannot  be 
so  well  noted. 

II. 

With  No.  21  hard  iron  wire  I  hare  had  no  difficulty  in  obtaining  the 
jerk  during  heating.  In  this  case  the  movement  is  in  the  reverse  direction 
of  that  which  occurs  during  cooling  ;  that  is  to  say,  it  indicates  a  momen- 
tary retraction,  occurring,  as  closely  as  can  be  judged,  at  the  same 
temperature  at  which  the  elongation  takes  place  in  cooling. 

With  a  steel  wire  25  centems.  long  and  No.  22  B  wire  gauge,  the 
following  observations  were  made — a  battery  of  ten  Grove  cells  being 
used,  capable  of  raising  this  length  of  wire  to  a  bright  white  heat.  The 
index  stood  at  0  on  the  scale  before  contact  was  made,  the  wire  being 
cold.  After  contact,  as  the  wire  became  heated,  the  index  regularly 
passed  to  24  ;  here  it  promptly  retreated  to  22,  then  steadily  passed 
onwards  to  34,  the  wire  now  glowing  white-hot.  Breaking  contact,  the 
index  returned  regularly  to  20,  then  rose  suddenly  to  27,  after  which  it 
continued  its  backward  course  till  it  finally  rested  at  2,  the  wire  now 
being  cold  again.  The  action  of  the  spring  stretches  the  wire  when  hot, 
hence  the  index  does  not  return  to  zero.  Allowing  for  this  stretching, 
the  figures  would  be  proportionally  lower  where  the  jerk  occurs  on  cooling, 
viz.,  18  to  25. 

Here  are  two  more  out  of  many  experiments  with  the  same  wire  :^- 

1.  Wire  cold  ;  contact  made  ;  index  rose  from  0  to  25,  jerked  back 

to  23,  then  rose  to  33  ;  wire  bright  red. 
Wire  bright  red  ;  contact  broken ;  index  fell  from  88  to  19,  jerked 
forward  to  25,  then  fell  to  4  ;  wire  cold. 

2.  Wire  cold ;  contact  made ;  index  rose  from  0  to  25,  jerked  back 

to  23},  then  rose  to  32 ;  wire  bright  red. 
Wire  bright  red ;  contact  broken  ;  index  fell  from  32  to  20,  jerked 
forward  to  24},  then  fell  to  4 ;  wire  cold. 
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The  following  diagram  (^g,  1)  illustrates  the  motion  of  the  index  on 
heating  and  cooling  the  wire. 
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Releasing  the  tension  of  the  spring,  the  forward  motion  on  cooling  i^ 
as  might  be  expected,  much  lessened,  whilst  the  jerk  back  is  scarcely 
affected.  Increasing  the  tension  of  the  spring,  the  forward  jerk  is  corre- 
spondingly increased,  and  the  backward  jerk  diminishes,  and  can  be  mad^ 
to  disappear. 

III. 

Is  this  anomalous  action,  then,  due  to  a  momentary  change  in  the 
cohesion  of  the  yrire  ?     If  so,  at  a  certain  point  during  the  progress  of 
heating^  the  molecules  of  iron  have  a  sudden  accession  in  elasticity,  and  at 
an  approximately  corresponding  point  during  cooling  they  incur  a  sudden 
loss  in  elasticity.     If,  however,  this  molecular  change  be  entirely  due  to 
alteration  in  cohesion,  then  the  removal  of  the  spring  ought  to  cause  the 
anomalous  behaviour  to  disappear.    But  it  does  not.    Without  the  spring, 
an  iron  wire  can  be  seen  by  the  naked  eye  to  undergo  a  momentary  con- 
traction during  heating,  and  a  momentary  and  more  palpable  elongation 
during  cooling.*     Fixing  one  end  of  the  wire  and  bending  the  other 

*  A  striking  lecture  experiment  may  be  made  by  simply  stretching  some  barpn- 
cbord  fvire  between  two  snpports,  and  heating  tbo  wire  to  whiteness  by  a  current 
On  allowing  the  wire  to  cool  it  gradually  straightens  itself  till  just  as  it  reaches  the 
point  of  obscurity,  when  it  suddenly  drops  for  an  instant.  It  is  extraordinary  that 
thin  action  has  not  been  frequently  obaeivQCi. 
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mity  at  right  angles  so  that  it  may  dip  into  a  trough  of  mercury,  and 
preserve  contact  with  the  hattery,  hoth  actions  can  he  seen ;  the 
en  outward  thrust  on  cooling  is  very  conspicuous.    Heating  the  wire 
as-flamesy  the  same  result  is  given. 

U  kinds  of  iron  do  not  exhihit  this  hehaviour ;  and  some  show  it  in  a 
i  or  less  marked  degree.  I  have  not  heen  ahle  to  detect  any  change, 
mating  or  cooling,  in  certain  specimens  of  good  soft  iron  wire ;  hut  in 
iron  wire,  and  notahly  in  steel  wire,  it  is  very  apparent.  The  wire, 
30ver,  requires  to  he  raised  to  a  very  high  temperature  before  the  jerk 
en  on  cooling.  I  have  not  ohserved  the  momentary  elongation  on 
ng  when  the  wire  has  only  been  heated  to  a  point  ju8t  beyond  that  at 
h  it  would  otherwise  occur.  The  hehaviour  of  iron  wires  of  different 
368  of  purity  and  of  widely-different  thicknesses  are  points  I  hope  to 
line  in  a  subsequent  inquiry.  1  may  here  also  mention  that  the  pre- 
tnagnetic  condition  of  the  iron  at  the  moment  at  which  the  jerk 
*8,  together  with  its  electric  resistance  and  its  thermo-electric  position,* 
uestions  upon  which  I  have  already  made  some  experiments,  but  not 
gh  to  justify  the  publication  of  any  results  at  present. 

IV. 

Q  September  ]  2th  I  was  examining  the  condition  of  the  wire  in  a 
ened  room,  when  a  new  and  unexpected  change  revealed  itself, 
ng  the  cooling  of  the  wire  it  was  found  that,  just  as  it  reached  a  very 
red  heat,  a  sudden  accession  of  temperature  occurred,  so  that  it  glowed 
more  with  a  bright  red  heat.  Illuminating  the  index  and  scale  of 
apparatus,  which  was  watched  by  an  assistant,  it  was  at  once  found 
the  reheating  of  the  wire  occurred  simuUaneomly  with  the  momentary 
ation.  Necessarily  no  change  of  this  kind  can  be  observed  on  heating ; 
the  reglowing  of  the  wire  on  cooling  is  most  uniform  and  con- 
lous.f  The  wire  must  first  be  heated  to  whiteness ;  and  then,  being 
ed  to  cool,  just  as  it  reaches  a  point  of  barely  visible  redness,  a  sudden 
y-red  glow  takes  place,  passing  as  a  wave  of  heat  from  one  end  of 
rire  to  the  other,  or  from  both  ends  to  the  centre.  The  measured 
ress  of  this  wave  of  temperature  along  the  wire  is  extremely  beautiful 
►serve.     On  first  sending  the  current  through  the  wire,  the  heating 

Professor  Tait*8  remarkable  investigation  on  this  point  is  alluded  to  snbse- 

Feverthelcss  during  heating  I  thought  I  detected  a  momentary  panse  in  the 
of  the  reddening  of  the  wire,  just  after  incandescence  had  beeutOM^y^. 
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begins  at  one  extremity  and  runs  along  to  the  other  ;  on  breaking  con- 
tact, this  reheating  sweeps  along  the  wire  in  the  contrary  direction.  This 
peculiar  movement,  therefore,  may  be  caused  by  the  unequal  thickness 
of  the  wire,  though  I  do  not  think  this  is  the  explanation,  as  the  re- 
heating would  then  move  in  the  same  direction  as  the  heating  (namely, 
from  the  thinner  to  the  thicker  parts  of  the  wire),  and  this  is  not  the  case. 
I  hope  shortly  to  investigate  this  further. 

When  the  wire  is  heated  by  a  row  of  gas-flames,  the  same  results  take 
place,  although  the  heating  by  the  battery  is  a  far  neater  and  more  satis- 
factory way. 

It  is  a  real  accession  of  temperature,  a  sudden  increase  in  thermal  as 
well  as  luminous  radiation.  This  is  evident  from  the  following  experi- 
ment:  A  wide  glass  tube  (fig.  2)  was  fitted  with  corks  at  each  end,  so 
that  the  iron  wire  could  be  inclosed  air-tight  within  the  tube.  At  one 
end  the  cork  was  perforated  to  allow  the  insertion  of  a  narrow  glass  tube 
bent  at  right  angles,  the  lower  end  of  which  dipped  into  coloured  water. 
On  heating  the  wire  to  whiteness  by  the  current,  some  of  the  inclosed 
air  was  expelled,  and  on  breaking  contact  the  liquid  rushed  up  the  tabe^ 
but  midway  suddenly  stopped  in  its  course,  and  was  depressed  some  two 
inches.  At  this  moment  the  assistant,  who  was  watching  the  wire,  gave 
notice  the  wire  drooped  and  glowed  again.  There  is  no  difficulty  in 
repeating  this  experiment,  nor  in  exhibiting  its  action  to  a  large  class. 
Wherever  the  momentary  expansion  of  the  wire  is  feeble  or  absent,  there 


Fig.  2. 


likewise  this  recaUscence,  as  it  might  perhaps  be  termed,  is '  also  feeble  or 
absent.     I  am  anxious  to  procure  wires  of  nickel  and  cobalt ;  for,  from 
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reasons  set  forth  in  another  paper,  the  action  might  certainly  be  ex- 
ed  to  occur  in  those  metals  as  well  as  in  iron,  probably  with  nickel 
.  lower  and  with  cobalt  at  a  higher  temperature  than  in  the  case  of 

V, 

besides  the  molecular  changes  hero  detailed,  there  are  indications  of 
existence  of  other  disturbances  during  the  heating  and  cooling  of  an 
I  wire,  notably  the  emission  of  a  peculiar  dry  crackling  sounds  like  the 
>itation  that  occurs  on  magnetizing  and  demagnetizing  iron  ;  and 
,  too,  occurs  at  the  critical  temperature.  But  so  many  matters  of 
rest  have  arisen  during  this  inyestigation,  that  the  present  paper  can 
be  regarded  as  the  results  of  a  preliminary  inquiry. 

VI. 

be  molecular  disturbances  to  which  iron  is  thus  seen  to  be  subject  at 
.Tticular  temperature  are  no  doubt  associated  with  an  even  wider 
:e  of  phenomena  than  are  here  indicated.  Professor  Tait's  experi- 
ts,  which  were  read  by  me  after  most  of  the  foregoing  facts  had  been 
ined,  show  that  iron  exhibits  a  most  remarkable  and  anomalous 
mo-electric  deportment  at  a  red  heat.  In  his  Rede  Lecture*  that 
lent  physicist  points  out  that  '^  the  cause  of  this  is,  that  while,  as  Sir 
Thomson  discovered,  the  specific  heat  of  electricity  in  iron  is  negative 
rdinary  temperatures,  it  becomes  positive  at  some  temperature  near 
red  heat,  and  remains  positive  till  near  the  melting-point  of  iron, 
re  it  appears  possible  from  some  of  my  experiments  that  it  may 
n  change  sign."  And  further  on  Professor  Tait  suggests  the  idea 
at  iron  becomes,  as  it  were,  a  different  metal  on  being  raised  above  a 
ain  temperature.  This  may  possibly  have  some  connexion  with  the 
icnm  and  ferrosum  of  the  chemist,  with  the  change  of  magnetic 
)6rties  of  iron,  and  of  its  electric  resistance  at  high  temperatures." 
fessor  Tait  adds  the  interesting  fact  that  ho  has  found  an  anomalous 
mo-electric  behaviour  in  nickel  similar  to  that  in  iron,  and,  as  one 
lit  venture  to  anticipate,  at  a  much  lower  temperature, 
bus  two  separate  lines  of  inquiry  have  converged  on  the  same  point — 
ely,  that  a  profound  molecular  disturbance  takes  place  in  iron  at  a 
red  heat.  In  connexion  with  future  theories  of  magnetism,  this  fact 
cely  to  be  of  considerable  importance,  inasmuch  as  it  seems  probable 

»  Nature,  June  12, 1873. 
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that  this  distnrhancc  is  confined  to  the  magnetic  metals,  and  that  it 
occurs  at  or  about  the  temperature  when  they  leave  or  re-enter  this 
condition.— PAi7o5opAtca/  Magazine. 


ON  THE  RELATIONSHIP  OF  THE  MAGNETIC  METALS. 

By  W.  P.  Barrett,  P.C.S.* 

The  remarkable  similarity  in  the  chemical  and  physical  properties  of 
the  magnetic  metals  has  no  doubt  often  attracted  attention ;  but  I  am  Bot 
aware  that  any  definite  collation  of  these  properties  has  ever  been  made. 
This  I  propose  briefly  to  do  in  the  following  paper.     The  extraordinarj 
homology  these  metals  are  thus  seen  to  exhibit  furnishes  instrucUT® 
evidence  concerning  the  molecular  state  of  a  magnet. 

By  magnetic  metals  I  mean  those  metals  which  possess  magnetic  pro- 
perties under  ordinary  circumstances — namely,  iron,  nickel,  and  cobalt. 

First   we   will   compare  their  physical  characteristics..    The  specific 
gravity  of  the  thirty-eight  known  metals  ranges  from  lithium  0-59   t^ 
platinum  21*5,  a  diflference  of  nearly  21 ;  whereas  the  specific  gravity  o' 
iron  is  7*8,  nickel  8*3,  and  cobalt  8*5,  an  extreme  difference  of  only  0"7- 
The  specific  heat  of  these  three  metals  is  also  nearly  identical ;  and  their 
atomic  heat  is  the  same.    Their  conductivity  for  sound  is  almost  absolutely 
the  same;  and,  so  far  as  their  heat  and  electric  conductivity  have  beei^ 
determined,  they  are  also  alike.     Their  dilatation  by  heat  is  the  same,  ao^ 
so  also  is  the  amount  they  lengthen  by  mechanical  strain.     They  belong? 
I  believe,  to  the  same  system  of  crystallization^  namely  the  monometri^* 
though  too  little  is  known  on  this  point.     The  enormous  cohesive  pwcC^ 
of  iron,  nickel,  and  cobalt  in  the  solid  state  signalizes  these  substances  sv^ 
the  most  tenacious  of  metals.     To  overcome  this  cohesion  a  very  hig^^ 
and  somewhat  similar  temperature  is  required,  and  their  fnelting-point  i^ 
only   exceeded    by   the  platinum   group   of    metals.     Their   refractor;^ 
character  renders  them  not  volatile  even   at  the   temperature  of  th 
hottest  furnace.     When,  however,  they  are  volatilized  by  means  of  th 
electric  spark,  their  incandescent  vapours  yields  a  spectrum  which  has 
close  and  curious  resemblance.     This  teaches  us  that  the  molecules  cr^ 
these  bodies,  freed  from  the  thrall  of  cohesion,  vibrate  in  periods  whic*» 
are  closely  akin. 

♦  Communicated  by  the  Author,  having  been  read  before  the  British 
at  Bradford,  September  1873. 
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L  comparison  of  the  chemical  properties  of  the  same  metals  furnishes 
tnilar  result.  The  ratio  of  the  combining  weight  of  the  metallic  ele- 
its  ranges  from  lithium  7,  to  bismuth  as  210,  or  a  difference  of  203. 
len  we  compare  the  magnetic  metals,  we  find  the  combining  weight 
iron  is  56*0,  nickel  58*5,  and  cobalt  58*5,  or  a  difference  of  only  2*5. 
emists  class  th^e  three  metals  in  the  same  group,  from  the  similarity 
thdr  chemical  behaviour,  and  also  the  identity  of  their  combining 
itgj  or  atomicity. 

[n  strong  nitric  acid  iron  becomes  endowed  with  a  so-called  passive 
dition,  not  acted  upon,  as  it  is  in  the  dilute  acid.  Likewise  I  find 
eel  is  capable  of  assuming  a  passive  state  in  strong  nitric  acid.   Cobalt, 

1  true,  was  violently  acted  upon  under  similar  circumstances ;  but  that, 
^lieve,  was  due  to  the  fact  that  the  cobalt  contained  iron  largely,  and 
oi  electrolytic  action  was  probably  set  up.  I  have  been  unable  to 
in  pure  cobalt— a  very  difiBcult  matter,  I  believe. 

series  of  very  similar  chemical  compounds  are  formed  by  these  metals, 
'ly  characterised  by  the  brilliancy  of  their  colour.  The  protosalts  of 
are  generally  bluish  green,  of  nickel  emerald  green,  and  of  cobalt  of 
ie-colour.  It  is,  moreover,  a  well-known  fact  that  this  rose-colour 
srtain  cobalt  salts  passes  into  a  bright  green  when  they  are  warmed. 
',  when  the  metal  cobalt  is  moderately  heated,  it  increases  in  magnetic 
^r,  thus  differing  from  its  congeners  iron  and  nickel,  which  are  in 
*  maximum  magnetic  condition  at  the  ordinary  temperature,  and  at 
nary  temperatures  present  the  green -coloured  salts.* 
Hiat  has  been  said  concerning  the  likeness  of  iron,  nickel,  and  cobalt, 
lany  respects  holds  true  of  manganese  and  chromium^  also  feebly  mag- 

2  metals.  Placed  in  the  same  group  with  the  former  metals  chemi- 
^,  they  are  physically  characterised  by  their  extraordinary  tenacity  and 
cult  fusibility.  Manganese  has  lately  been  used  to  replace  nickel  in 
alloy  of  German  silver,  and  with  excellent  results  I  am  informed.  It 
^  worthy  of  note  that  the  compounds  of  these  five  metals  are  con- 
<3ous  by  the  brilliancy  of  their  colours,  all  their  salts  exerting  a 
^ve  absorption  on  light,  and  their  oxides  dissolved  in  borax  yielding 
•blown  and  characteristic  tints — a  comparatively  rare  feature  outside 
group. 

Either,  it  is  well  known  that  the  ores  of  cobalt  and  nickel  are  almost 

t*he  then^eutic  effect  of  the  salts  u£  these  metals  one  wonld  expect  to  be  some- 
aimilar  ;  and  in  confirmation  of  this  I  hear  that  nickel  has  lately  often  been 
^Tantagconsly  to  replace  the  medicinal  properties  of  iron. 
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invariably  found  associated  in  the  earth  and  with  difficulty  separated.  It 
is  also  noteworthy  that  both  nickel  and  cobalt  are  usually  present  in 
meteoric  iron — the  average  composition  of  meteorites  being  90  per  cent 
of  iron,  8  per  cent,  of  nickel,  and  0*5  per  cent,  of  cobalt,  curiously  enough 
often  with  a  trace  of  the  other  feebly  magnetic  metals,  manganese  and 
chromium. 

This  uniform  coincidence  in  the  properties  of  iron,  nickel,  and  cobalt, 
suggests  the  practical  inference  that  nickel  and  cobalt  might  be  obtained 
in  a  malleable  and  ductile  condition  when  submitted  to  a  process  similar 
to  that  by  which  wrought-iron  is  produced.  At  present  it  is  impossible 
to  procure  nickel  or  cobalt  wire,  though  there  'seems  no  reason  why  they 
could  not  be  made  if  a  demand  arose.  Nickel  wire  would  probably 
prove  very  useful  from  its  high  tenacity  and  comparative  freedom  from 
oxidation. 

The  following  table  sums  up  some  of  the  most  striking  points  of  con- 
tact in  the  physical  properties  of  the  three  magnetic  metals  par  excel- 
lence : — 

Table  showing  the  physical  relationship  of  the  magnetic  metals. 


Density. 

Water 

-1. 

Atomic 
weight. 

Specific 
heat 
Water 
=  1. 

Atomic 
heat 

DUatation 

CondactiTit^ 

Tenadty 

Sab- 
.stance. 

heat*. 

by 
strain*. 

for  beat. 
Silver=l. 

for  sound*. 
Air-l. 

andmdt- 
ing-poiat 

Iron... 
Nickel 
Cobalt 

7-8 
8-3 
8-6 

660 
58-6 
58-6 

01138 
0-1091 
01070 

6-38 
6-33 
6-2G 

•0926 
•0899 
•0981 

•0387 
•0394 
•0436 

•168 
•131 
•172 

163 
149 
142 

Verybigh. 

n 

From  this  table  it  is  evident  that  the  molecular  constitution  of  the 
magnetic  metals  is  essentially  alike,  largely  dififering  from  bodies  which 
arc  not  magnetic.  And,  tliis  being  so,  further  evidence  is  afforded  that 
the  evolution  of  ordinary  magnetic  phenomena  is  in  some  way  associated 
with  the  peculiar  and  similar  structure  of  the  molecules  of  iron,  nickel, 
and  cobalt. — Philosophical  Magazine. 

*  For  the  figures  in  this  colnmn  I  am  indebted  to  a  paper  by  M.  A.  Masson,  in 
the  AnruUes  dr  Chimie  et  <h  Physique  for  1858.  In  the  heat  colomn  the  dccimtl 
would,  of  course,  have  to  be  moved  four  places  to  the  left  to  express  the  coefBcicDt 
for  1*^0.  The  dilatation  by  strain  was  of  one  metre  of  the  body  under  a  weight 
equal  to  itself. 
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ON  EARTH-CURRENTS. 
Bt  L.  Bghwbndler. 

Mr.  Scbwendler  said  that  the  phenomenon  of  earth-currents  seemed  to 
be  intimately  connected  with  the  earth-magnetism  and  its  variations. 

He  would,  howerer,  point  out  from  the  beginning,  that,  though  the  two 
phenomena,  ^  earth-magnetism  "  and  '^  earth- currents,'*  were  undoubtedly 
oannected  with  each  other,  it  was  by  no  means  established  as  yet  that  they 
were  cause  and  effect,  or,  what  certainly  seemed  to  be  far  more  probable  in 
the  present  state  of  knowledge  on  the  subject,  parallel  effects  of  one  and 
the  same  general  but  entirely  unknown  cause. 

The  three  elements  of  the  earth-magnetism,  intensity,  inclination,  and 
declination,  had  been  quantitatiyely  and  most  accurately  determined  in 
almost  all  civilized  parts  of  the  world  ( Calcutta  excepted)  by  the  intro- 
duction of  Grauss'  and  Weber^s  well-known  system  of  magnetic  measure- 
ments ;  and  though  the  results  obtained  had  been  very  general  and  satis- 
factory, establishing  the  most  interesting  facts  of  diurnal  and  secular 
periods  of  variation  in  the  three  magnetic  elements,  and  had  also  been  of 
direct  practical  benefit  to  navigation,  still  the  physical  nature  of  the 
phenomena  had  not  been  unveiled  by  these  observations.  To  solve  the 
problem  it  would  seem  that  quantitativte  measurements  of  other  pheno- 
mena, directly  or  indirectly  connected  with  it,  were  required,  and  it  was 
most  fortunate  that  at  least  one  such  phenompnon  not  only  existed  but 
was  even  susceptible  of  accurate  measurement:  he  meant  the  "earth- 
cnrrents." 

The  chances  of  giving  a  true  physical  explanation  of  any  phenomenon, 
he  observed,  increased  in  geometrical  progression  with  the  number  of 
phenomena  directly  or  indirectly  connected  with  the  one  to  be  explained, 
sopposing  that  they  were  all  susceptible  of  accurate  measurement. 

In  this  particular  case  he  had  to  deal  with  two  such  parallel  pheno- 
mena, the  magnetism  of  the  earth,  quantitively  ascertained  for  more 
than  forty  years  past,  and  "  earth-currents,"  sadly  neglected. 

He  said  he  was  perfectly  aware  why  "  earth-currents  "  had  not  been 
measured,  and  then,  after  mentioning  the  special  purpose  of  his  paper, 
i.e.  not  to  start  a  fresh  theory  of  the  earth-magnetism  with  the  scanty 
and  imperfect  material  available,  but  to  lay  before  the  Society  some  more 
facts  connected  with  its  parallel  phenomenon,  the  earth-currents  in  the 
telegraph  lines,  which  had  been  quantitatively  measured  during  the  last 
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six  years  in  widely  different  parts  of  the  empire,  Ceylon  included,  he  pro- 
ceeded as  follows  : 

'^  That  it  was  well  known  that  from  time  to  lime  telegraph  lines, 
overland,  underground,  and  submarine,  were  affected  by  what  had  been 
called  *  magnetic  storms,'  i.e.  by  very  strong  currents  passing  througb 
the  wires  and  overpowering  entirely  those  used  for  signaling,  with  which 
electrical  disturbances  co-existed  magnetic  variations  far  exceeding  the 
limits  generally  observed  when  no  such  electrical  disturbances  exist,  and 
very  often  accompanied  in  the  northern  (and  most  likely  also  in  the 
southern)  part  of  the  planet  by  vivid  auroras.  Now  these  currents 
observed  in  the  telegraph  lines  were  *  earth-currents.' 

"  For  instance,  on  the  10th  November,  1871,  and  on  the  4th  February, 
1872,  earth  currents  of  considerable  strength  had  been  observed  in  all 
the  lines  throughout  India,  and  the  submarine  cables  terminating  on  its 
shores.  These  great  electrical  disturbances  were  by  no  means  local,  bat 
existed  almost  simultaneously  throughout  the  earth,  showing  us  a  most 
interesting  feature  of  our  planet. 

"  The  fact  of  the  secular  changes  of  the  earth  magnetism  occupying 
such  a  long  period  as  about  1,000  years  (the  principal  magnetic  pole 
moving  round  the  astronomical  pole  in  1,000  years)  pointed  most 
probably  to  a  cause  external  to  the  planet.  If  he  were  allowed  to  follow 
his  own  imagination,  he  would  say  that  earth  magnetism,  its  diurnal  and 
secular  variations,  aurorse  boreales  and  australes  and  electrical  dis- 
turbances, weak  or  intense,  in  the  planet,  were  all  due  to  the  movement 
of  the  earth  and  of  the  heavenly  bodies  generally.  That  the  great 
electric  convulsions  observed  from  time  to  time  were  nothing  but  the 
telegraph  signals  transmitted  from  far  distant  regions  to  our  planet,  indi- 
cating great  physical  changes  in  the  universe  long  before,  if  ever,  they 
could  be  felt  by  the  more  rough  instruments — light,  heat,  and  gravitation— 
at  present  the  only  means  by  which  we  recognise  our  kinship  with  the 
outer  world. 

"  It  could  be,  therefore,  easily  perceived  how  important  it  was  to  investi- 
gate such  a  phenomenon  (probably  of  all  the  most  widely  connected)  by 
direct  measurements. 

*<  Now  if  such  electrical  disturbances  only  existed  by  fits  and  starts,  as 
was  the  case  during  magnetic  storms,  it  would  be  almost  hopeless  to 
attempt  a  general  system  of  measurement.  This  was,  however,  fortu- 
nately not  the  case,  since  these  earth-currents,  which  during  magnetic 
storms  became  so  violent,  seemed  to  exist  permanently,  only  of  very 
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ible  strength,  and  it  was  on  this  subject  that  he  would  give  some 
lerred  facts." 

Hie  general  outline  of  the  rest  of  Mr.  Schwendler's  communication 
1  be  best  given  in  extracts  from  his  paper,  which  will  be  printed  in  full 
Part  IL  of  the  Journal. 
Ur.  Schwendler  says : 

'*  The  currents  observed  at  all  hours  of  the  day  and  all  seasons  of  the 
ir,  in  every  line  throughout  India,  may  be  obviously  due  to  many 
ferent  causes  acting  separately  or  conjointly.  These  currents  I  have 
ngnated  *  natural  currents,'  to  indicate  the  fact  of  their  being  in  the 
68  without  any  direct,  or  at  least  intentional,  human  agency.  The 
1868  which  may  produce  natural  currents  in  telegraph  lines  are — 

''  1.  Galvanic  action  between  the  earth-plates. 

'  2.  Polarization  of  the  earth-plates  by  the  signalling  currents. 

'*  8.  Polarization  of  badly-insulated  points  in  the  line. 

'  4.  Atmospheric  electricity. 

'  5.  Thermo-electricity. 

'  6.  Inductive  capacity. 

'  7.  Voltaic  induction. 

^  8.  Earth  currents. 

-  The  latter  must  be  considered  as  produced  by  an  actual  difference  of 
sntials  between  the  two  points  of  our  planet  with  which  the  ends  of  a 
graph  line  are  in  contact. 

'  Surely  if  these  '  earth-currents '  do  permanently  exist,  and  further,  if 
f  are  strong  enough  to  overpower  the  others,  which  are  evidently  of  a 
zh  more  accidental  and  less  permanent  nature,  then  a  large  number 
[uantitative  observations,  judiciously  reduced  and  conveniently  com- 
d,  should  at  least  show  the  tendency  of  the  general  law  that  governs 
m  in  strength  and  direction,  leading  perhaps  finally  to  the  true  expla- 
ion  of  the  earth's  magnetism  and  the  causes  of  its  variations. 
'  Such  were  in  short  my  reasonings  when  in  1868  I  was  entrusted  by 
one!  Robinson,  the  Director-General  of  Telegraphs,  with  the  intro- 
tion  of  a  system  of  testing  the  lines  in  India,  and,  although  the 
ctical  objects  of  that  system  had  nothing  whatsoever  to  do  with  the 
ition  of  the  problem,  yet  the  fact  that  in  each  test  measurements  had 
16  made  with  positive  and  negative  currents  (for  the  very  purpose  of 
linadng  the  influence  of  the  natural  currents)  seciired  all  the  data 
essary  for  the  quantitative  determination  of  the  electro-motive  force 
roL.  in.  M 
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in  the  line,  to  which  the  natnral  current  must  be  considered  proportional, 
involving  only  a  slight  additional  calculation  without  any  extra  obser- 
vations. To  this  end  the  necessary  provisions  were  made  and  instructioni 
issued ;  and  in  this  manner  more  than  10,000  electromotive  forces,  pro- 
ducing the  natural  currents  in  the  lines  of  India,  have  been  calculated 
from  the  tests  made  between  1868  and  1872,  and  are  now  at  our  disposal; 
and,  although  the  results  of  these  numerous  observations  have  not  as  yet 
been  all  analysed,  or  even  compiled,  yet  in  many  special  cases,  and  for 
limited  periods,  this  has  been  done,  and  from  these  we  are  justified  in 
stating  the  following  as  facts : — 

"  1.  All  th^  lines  in  India  are  affected  by  natural  currents. 

"  2.  From  more  than  10,000  observations  it  has  been  established  that 
the  prevailing  flow  of  these  currents  between  any  pair  of  stations  is  as  of 
a  copper  current  from  the  east  to  the  west;  but  which  is  the  true  direc- 
tion, or  that  of  maximum  intensity,  and  further,  whether  there  is  only 
one  such  direction,  has  not  been  computed  as  yet. 

'*  3.  The  strength  of  the  natural  current  in  one  and  the  same  line  is 
very  variable. 

"  4.  The  direction  of  the  natural  current  in  one  and  the  same  line, 
though  also  variable  to  a  certain  extent,  is,  however,  far  more  constant 
than  its  strength,  and  out  of  a  number  of  observations  there  is  generally 
a  marked  preponderance  of  currents  flowing  in  the  same  direction. 

**  5.  The  variation  in  strength  and  direction  of  the  natural  currents  in- 
parallel  lines  of  the  same  length,  is  far  more  uniform  than  might  have 
been  expected,  considering  the  many  accidental  influences  to  which  long 
overland  lines  are  exposed. 

''  6.  The  prevailing  direction  of  the  natural  current  in  any  line  is  gene- 
rally also  the  direction  of  the  maximum  current  observed,  but  this  is  not 
the  case  invariably. 

**  These  general  facts  point  to  one  probable  conclusion,  namely,  that 
*  earth-currents^  do  permanently  exist  in  the  lines  of  India,  though  they 
are  often,  and  under  certain  circumstances  even  much,  obscured  by  many 
other  causes,  of  commensurate  magnitude,  but  more  unstable  and  acci- 
dental in  character. 

'*  For  example,  the  two  Railway  lines  between  Bombay  and  Madras,  one 
of  which  is  very  perfect  in  insulation,  while  the  other  is  quite  the  reverse, 
both  exhibit  a  copper  current  flowing  permanently  from  Madras  towards 
Bombay ;  and  this  fact,  having  been  ascertained  from  a  large  number  of 
tests,  extending  over  a  considerable  period,  and  made  from  both  Marasd 
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and  Bombay,  proyee  that  the  cause  is  a  general  one  with  respect  to  time, 
and  that  the  method  and  place  of  measurement  do  not  influence  the 
direction  of  the  current  observed.  Further,  as  one  of  the  wires  is  used 
for  die  through  traffic  towards  Bombay,  while  the  other  is  used  for  the 
through  traffic  towards  Madras,  and  as  both  circuits  are  worked  with 
3opper  currents,  the  natural  currents,  which  flow  in  the  same  direction  in 
the  two  wires,  certainly  cannot  be  due  to  the  polarisation  of  the  earth- 
plates  or  of  faulty  places  in  the  lines.  The  average  electromotive  force  in 
ikse  wires  is  about  4*5  Daniells,  and  maxima  of  15  and  20  Daniells  are 
occasionally  reached. 

"I  consider  it,  therefore,  established  that  *  earth-currents^  do  perma- 
nently exist  in  the  lines  of  India,  their  general  drift  being  from  east  to 
west,  and  that  we  should  be  now  justified  in  establishing  a  special  system 
for  the  purpose  of  observing  them,  according  to  a  uniform  plan  and  with 
improyed  test  methods." 

Mr.  Schwendler  concluded  by  saying,  that,  based  on  the  facts  above 
^d,  he  had  proposed  to  the  Council  of  the  Asiatic  Society  to  urge  on 
GoTemment  the  introduction  of  a  system  of  measurement  of  earth- 
OKrmts ;  that  the  Council  had  received  the  proposal  most  warmly,  and 
luid  appointed  Colonel  Hyde,  Mr.  R.  S.  Brough,  and  himself,  to  work 
^  a  practical  system ;  and  that  Colonel  Robinson,  the  Director  General 
^  Telegraphs,  had  intimated  his  kind  co-operation  in  the  matter. — 
Proceedings  of  the  Asiatic  Society  of  Bengal, 
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le  Twenty-fifth  Ordinary  General  Meeting  was  held  on  Wednes- 
day, the  25th  March,  1874,  Mr.  Latimer  Clark,  Vice-President, 
in  the  Chair. 


The  Paper  read  was — 

ON  THE  DECAY  AND  PRESERVATION  OF 

TELEGRAPH  POLES. 

By  William  Langdon,  M.S.T.E. 

Xhere  is  probably  no  question  of  greater  importance  to  the  Tele- 
a.ph  Engineer  than  that  of  the  preservation  of  Telegraph  poles. 
Xhe  earlier  Telegraphs  were  all  constructed  with  the  very  best 

Itic  timber.  The  first  line  erected  for  commercial  purposes,  viz. 
tt  between  Nine  Elms  and  Gosport  upon  the  London  and  South- 
©stem  Railway,  in  1844,  was  built  entirely  of  the  best  foreign 
xW.  It  was  about  the  year  1851  that  Mr.  Edwin  Clark  intro- 
c^  the  use  of  native-grown  larch  poles  for  economical  reasons. 
Oare  timber  is  however  still  largely  used  for  terminal  poles, 
1  for  positions  where  sightliness  or  strength  is  required ;  each 
'^  being  cut  according  to  its  requirements. 
All  square  cut  timber  is  of  foreign  growtli,  and  that  most 
^erally  employed  is  known  as  Memel.  It  is  cut  from  the  forests 
Iceland,  where  it  grows  in  great  abundance.  Of  slow  growth,  it 
^lose  grained.  "  Swedish  "  is  also  frequently  used.  It  is  the 
He  wood  as  Memel,  but  grown  in  the  country  its  name  indicates, 
I  s  generally  younger  wood  and  by  no  means  of  so  strong  a  nature. 
Of  Memel  we  have  considerable  experience.  For  over  100  years 
lias  been  largely  imported  into  England,  and  as  largely  used 
Vol.  hi.  n 
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where  strength  and  durability  havo  been  matters  of  importance. 
Witliin  the  past  few  years  the  demand  for  it  has  so  increased  that 
the  supply  has  hardly  kept  pace  with  it ;  the  natural  consequenoo 
being  an  advance  in  its  value. 

Pitch  Pine  (Pinus  rigida\  a  distinct  species  of  fir  from  that 
known  as  Memel,  growing  in  abundance  throughout  the  Southern 
States  of  America  bordering  on  the  Gulf  of  Mexico,  has  for  the 
last  ten  or  fifteen  years  been  very  largely  imported  into  this 
country.  It  was  thought  to  be  well  fitted  for  telegraph  poles,  and 
to  be  very  durable,  fi-om  the  apparently  large  quantity  of  turpentine 
held  within  the  wood.  Our  experience  of  it  is  not  equal  to  that  of 
Memel,  of  which,  as  I  have  said,  we  have  more  than  one  hundred 
years'  experience,  whereas  of  Pitch  Pine  we  have  barely  twenty. 
Yet  it  is  already  losing  ground  for  such  purposes  as  we  require  it 
Being  a  wood  grown  in  a  country  in  which  vegetation  of  eveiy 
kind  revels  in  the  most  complete  luxuriance,  the  tree  attains 
gigantic  proportions  in  a  very  short  time.  As  a  natural  con- 
sequence of  this  rapid  growth  it  contains  a  large  quantity  of  sap, 
but  which  in  this  wood  is  not  so  easily  distinguished  from  the 
heart  or  core  wood.  A  tree  of  this  description  will,  at  the  age  of 
thirty  or  forty  years,  assume  proportions  equal  to  those  of  Memd 
wood  which  has  stood  its  eighty  or  one  hundred  winters.  Usually 
imported  green,  it  for  a  time  possesses  all  its  tensile  strength,  bat 
when  exposed  to  the  effects  of  our  atmosphere,  particularly  when 
set  up  on  end  for  a  few  years,  the  turpentine  held  in  the  wood 
drains  out  of  it  or  evaporates,  leaving  the  grain  dry  and  <ibf^ 
disqualifying  it  for  fulfilling  the  duty  of  a  telegraph  pole  required  to 
withstand  a  considerable  strain.  Although  apparently  not  irell 
suited  for  telegraph  poles,  it  is  largely  employed  for  stmctnnl 
decorations,  and  is  yearly  coming  more  and  more  into  use  ftf 
household  furniture. 

Memel,  Riga,  Dantzic,  Norway,  Swedish,  and  what  is  id 
England  known  as  Scotch  fir,  are  all  the  same  species — PifKt* 
sylvestris. — The  great  difference  which  exists  in  the  foreign  ani 
home-grown  wood  is  simply  the  result  of  the  difierenoe  of  dintfte 
and  soil.     The  genus  is  the  same. 

The  pine  forests  of  the  north  of  Europe  are  the  most  valuahley 
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ly  on  account  of  the  quality  of  the  timber.      Once  they 

3d  over  the  greater  part  of  the  continent  and  the  islands, 
the  latter  situations  they  have  been  exhausted.  Some 
and  a  half  ago  there  were  extensive  pine  forests  in  the 

r  Ireland.  In  the  lowlands  and  rich  soils  of  Scotland  there 
never  was  an  extensive  pine  forest,  but  there  can  be  little 

hat  upon  the  highlands  the  pine  was  once  as  general  as  it 

In  the  back  settlements  of  Upper  Canada. 

as  about  the  year  1851,  as  previously  stated,  that  native 

larch  {Larix  communis)  was  first  introduced  for  telegraph 

:eat  portion  of  the  beautiful  city  of  Venice  is  built  upon 
rmed  of  this  species  of  timber,  which  grows  abundantly 
and  Switzerland.  It  is  said  to  have  been  introduced  into 
mtry  in  the  early  part  of  the  seventeenth  century,  and 
)  been  cultivated  as  a  forest  tree  early  in  the  eighteenth 
Since  that  time  it  has  been  extensively  planted,  more 
ly  in  Scotland ;  and  its  success  has  been  far  more  uniform, 
•  greater,  than  that  of  any  other  tree  not  a  native  of  the 
• 

timber  when  used  for  telegraph  purposes  is  required  to 
the  natural  butt,  as  much  for  durability  as  for  strength, 
ly  round  poles  were  usually  specified  to  be  not  less  than 
leter  at  the  top,  and  for  heavy  lines  b'\  Of  later  years 
imensions  have  been  increased  to  b"  and  6''  respectively, 
e  of  the  tree  when  cut  ranges  from  25  to  50  years.  Its 
growth  varies  with  the  soil.  The  most  durable  are  the 
grained;  and  the  closest  grained  are  those  grown  upon 
id  chalky  ground.  The  best  period  for  felling  them  is 
'  or  November,  when  the  natural  juices  or  sap  cease  to  rise, 
inds  of  wood  are  cellular  and  fibrous  in  their  construction. 
e  woody  matter  or  ligneous  fibre  consists  of  celluliriy  which 
basement  tissue  of  all  vegetables,  fi*om  the  soft  spongy 
om  that  we  .eat  at  table  to  the  hard  durable  oak  that  forms 
ie;  and  lignin,  which  lines  tho  interior  of  these  cellules, 
them  strengtli  and  hardness.  All  trees  are  composed  of 
ro  materials,  and  one  tree  only  differs  from  anotbeT  ixL  ik<b 

n2 
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form,  compactness,  and  relative  quality  of  these  materials,  and  in 
tlio  resinous  matters  which  give  them  colour.  The  tree  is  supported 
and  maintained  by  the  liquids  which  it  absorbs  from  the  earth,  the 
moisture  it  imbibes  from  the  atmosphere,  and  the  gases  it  inhales 
from  the  air.  Every  tree  is  a  chemical  laboratory,  which,  in  the 
mastication,  assimilation,  and  conversion  of  its  food  into  celluliu 
and  lignin,  resembles  in  a  marked  manner  that  wonderful  operation 
of  the  human  system  which  in  oiirselves  produces  the  concomitant 
parts,  blood,  flesh,  and  bone,  which  hold  together  our  mortal 
frames.  Slight  as  is  our  knowledge  of  these  details,  how  forcibly 
do  they  bring  before  us  that  marvellous  perfection  with  which  the 
Almighty  has  completed  His  work  and  provided  for  the  support 
of  every  created  thing. 

When  the  tree  is  cut  down  all  the  undigested  liquids  in  course  of 
time  evaporate  and  disperse,  provided  it  is  so  placed  as  to  enable 
this  so  called  "  seasoning  "  to  go  on ;  but  if  they  are  allowed  to 
remain  they  putrify  or  ferment.  Moist  wood  itself  although  seasoned 
when  exposed  to  air  decomposes  and  ferments ;  oxygen  is  absorbed, 
carbonic  acid  and  water  are  given  out,  and  the  wood  becomes 
humus  or  mouldy  a  little  world  for  lichens,  fungi,  animalcule, 
insects,  and  numerous  specimens  of  animal  and  vegetable  life. 
Moisture  is  the  indispensable  element  of  decay,  which  is  favoured  by 
stillness,  high  temperature,  and  the  absence  of  light  Hence  the 
destructive  eflTect  of  damp  cellars,  where  the  effect  of  decay  is 
evident  even  to  our  nostrils.  Vegetation  is  the  invariable  ac- 
companiment of  decay.  It  may  be  as  much  its  cause  as  its  efiecty 
although  it  is  probably  the  latter. 

Trees  even  when  living  do  not  always  retain  unimpaii^  their 
strength  and  structure,  for  we  frequently  see  the  interior  of  rfd 
trunks  decayed  and  gone. 

There  are  two  kinds  of  decay,  viz. :  dry  and  xoet  roL  The 
former  is  a  slow  mouldering  action  due  to  the  presence  of  a  species 
of  fungus  called  the  Meruliua  lachrymxma^  by  which  all  the  tensile 
strength  and  cohesion  of  the  wood  is  destroyed,  and  by  which  it  w 
easily  reduced  to  a  fine  powder  or  snuffy  dust.  To  tins  form  of 
decay  wo  are  fortunately  so  seldom  sulject  that  it  may  be  fairly 
disregarded. 
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It  18  in  wet  rot  that  wo  find  our  great  enemy,  and  it  is  towards  this 
rm  of  decay  that  our  attention  should  be  wholly  directed,  with  a 
ew  towards,  at  the  least,  allaying  it  present  ravages. 

Wet  rot  is  of  two  kinds,  oxidation  and  disintegration.  The  first 
a  species  of  slow  combustion  or  ^^  eremacausis."  The  albuminous 
id  nitrogenous  materials  of  the  sap  ferment  under  the  influence 
'  heat  and  moisture,  and  re-act  on  the  cellulin  and  lignin  which 
ej  decompose.  Worms,  insects,  fungi,  animalculas,  &c.,  enter 
e  fibres  of  the  wood  and  disintegrate  its  structure  by  their  growtli 
id  multiplication.  The  oxygen  of  the  air  imites  with  the  remains, 
id  slowly  but  surely  rots  it  away. 

The  opposition  which  a  pole  is  able  to  offer  to  this  attack  upon 
\  integrity  depends  very  much  upon  the  rapidity  of  its  growth 
id  upon  the  ground  in  which  it  has  grown.  The  slowly  growing 
irdy  larches  from  the  poor  hills  and  rough  mountains  of  the 
ighlands,  that  take  forty  and  fifty  years  to  reach  maturity,  last 
limpaired  for  twelve  and  fourteen  years,  but  the  rapid  growing 
les  of  Devonshire,  that  when  grown  up  only  number  fifteen  to 
^enty-five  years  of  age,  and  which  are  fed  by  the  rich  soil  of  that 
iinty,  commence  to  rot  in  three  and  four  years. 
The  nature  of  the  ground  conduces  greatly  to  the  rapidity  of  this 
icay ;  in  light  sandy  soils  tliey  go  quicker  than  in  thick  clay,  in 
alk  than  in  rock,  in  vegetable  mould  than  in  gravel. 
Experience  gives  the  average  life  of  an  unprepared  telegraph 
»le  as  seven  years.  In  many  instances,  however,  this  is  consider- 
ly  over  the  mark.  Instances  have  come  under  my  own  obser- 
»tion  where  the  decay  has  been  so  rapid  as  to  call  for  the  removal 

the  pole  in  a  period  of  three  years.  Fortunately,  this  is  not 
meral.  The  durabiliiy  of  the  native  larch  of  this  country,  if 
•own  upon  chalky  and  hard  ground  and  well  selected  and  seasoned 
(fore  planting,  may,  as  a  rule,  be  regarded  as  seven  years. 
\  then,  we  accept  this  term  as  the  life  of  a  telegraph  pole, 
9  may  arrive  approximately  at  the  commercial  value  of  this 
lestion. 

The  mileage  of  telegraph  lines  in  England,  Scotland,  Ireland, 
id  Wales  may  at  the  present  time  be  fairly  stated  to  be  not  Jess 
au  24,000.     Take  it  that  one-half  of  these  lines  are  built  of 
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timber  protected  by  some  preservative  process — there  remaioE 
12,000  unprotected.  The  renewal  of  these  lines  at  £20  to  the  nute 
— a  sum  no  doubt  considerably  under  the  actual  cost — represente 
a  sum  of  £240,000. 

If  we  can  add  to  the  duration  of  the  life  of  the  timber  one-half 
of  the  average  term  {say  seven  years)  it  means  a  saving  of 
£120,000  during  every  such  period.  Hence,  the  preservation  of 
timber  is  economically  and  commercially  a  very  large  question. 

It  is  well  known  that  the  point  at  which  our  poles  decay,  whether 
planted  (as  they  never  should  be)  in  a  green  state,  whether  seasoned 
or  otherwise  prepared  by  any  process  for  the  preservation  of  timber, 
is  that  at  which  the  greatest  strength  is  required,  viz.,  the  gronnd 
line,  known  as  the  vnnd  and  water  line.     Why  should  it  be  pecuUir 


^WJ^-£ 


to  this  particular  spot  ?  If  we  take  a  piece  of  the  same  deBcriptiaii 
of  wood  and  completely  bury  it  beneath  the  soil,  or  submerge  it  in 
water  in  such  a  manner  that  it  may  remain  there  undisturbed,  we 
find  it  Inst  an  almost  interminable  period.  Beech  has  been  fonnd 
sound  after  having  been  buried  for  centuries.  In  like  maimer  m 
find  wood  kept  uniformly  dry,  like  the  furniture  of  our  houses,  hit 
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a  very  long  period ;  but  where  timber  is  subject  to  a  variable 
temperature,  moisture,  and  exposure  to  the  air,  then  decay  sets  in. 
This  we  find  exemplified  in  the  flooring  and  skirting-boards  of  our 
rooms,  and  in  numerous  other  instances  where  the  wood  on  one 
side  is  kept  almost  uniformly  dry,  while  on  the  otber  side  it  is 
subject  to  the  varying  dampness  of  the  foundation. 

We  find  then  that  wood,  when  not  affected  with  dry  rot,  may  be 
said  to  retain  its  lasting  properties  for  a  prolonged  period,  under 
the  following  conditions : — 

1.  When  kept  dry. 

2.  When  continually  under  water. 

3.  When  wholly  buried  beneath  the  soil  at  such  a  depth  as  to 

secure  an  equable  temperature  and  moisture. 

It  may  safely  be  said  that  in  no  case  do  telegraph  poles  conform 
to  any  one  of  these  conditions.  The  condition  of  a  telegraph  pole 
once  planted  speedily  beconies  analogous  to  that  of  its  surrounding 
medium.  Whilst  that  portion  above  ground,  if  unprotected  by 
paint  or  some  other  oily  preservative,  acquires  a  degree  of  moisture 
almost  equal  to  that  held  in  the  atmosphere  surrounding  it,  the 
portion  buried  in  the  soil  obtains  a  moisture  even  greater  than  that 
of  the  soil  by  which  it  is  surrounded.  Of  this  everyone  may  satisfy 
himself  by  examining  a  pole  on  its  removal  from  a  damp  soil.  The 
lowest  portion — the  butt  end — will  be  found  saturated  with  wet, 
the  density  of  which  becomes  less  and  less  as  the  ground  line  is 
reached.  The  moisture  contained  in  the  butt  end  of  a  pole  is  due 
to  two  causes — viz.,  absorption  from  the  contiguous  ground  and 
percolation  &om  the  atmosphere. 

I  have  explained  the  decay  due  to  eremacausis  or  slow  com- 
bustion, but  there  is  another  process  of  disintegration  of  a  me- 
chanical nature,  and  it  is  this  process  to  which  the  destruction  of 
our  poles  is  mainly  due. 

Every  pore  of  that  portion  of  the  pole  placed  in  the  ground 
becomes  charged  with  moisture  by  absorption,  percolation,  and 
capillary  action,  to  a  greater  or  less  extent. 

If  we  imagine  a  sponge  placed  in  a  similar  position  we  have  an 
exaggerated  illustration  of  the  action  to  which  a  piece  of  timber  so 
situated  must,  by  the  force  of  nature,  become  subject.    The  up^r 
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portion  of  it  coming  into  contact  with  the  warmer  atmosphere,  the 
small  particles  of  water  held  in  suspension  become  heated,  vapo- 
rized, and  finally  dispersed  into  the  atmosphere. 

Of  a  precisely  similar  character  is  the  action  to  which  that  por- 
tion of  the  polo  level  with  the  groimd  line  becomes  subject  The 
tiny  particles  of  moisture  held  in  the  outer  pores  of  the  wood  first 
become  heated,  then  volatilised,  and,  finally  bursting  asunder  tho 
delicate  fibres  by  which  they  are  bound,  escape  into  the  surround- 
ing air.  No  sooner  has  one  particle  of  moistiire  burst  the  bonds 
of  its  chamber,  than  it  is  followed  by  another  and  another ;  each 
one  aiding  in  the  work  of  disintegration  until  its  stracture  is 
utterly  destroyed. 

That  moisture  penetrates  from  the  sides  of  the  pole,  as  well  as 
from  the  bottom,  although  not  so  rapidly,  will  scarcely  require 
proving.  It  may,  however,  be  worth  while,  taking  advantage  of 
this  opportunity,  to  refer  to  an  experiment  not  long  since  carried 
out,  with  the  object  of  observing  the  conductive  power  of  timber 
for  moisture  in  other  than  the  ordinary  direction. 

It  is  probably  well  understood  that  the  system  of  "  Boueher- 
ising  "  means  the  injection  of  sulphate  of  copper,  under  pressure, 
into  the  timber  required  to  be  so  prepared. 

Coarse  grown  timber  is  usually  selected  for  this  purpose,  the 
Scotch  fir  being  that  generally  used.  The  process  is  most  suc- 
cessfiil  during  the  spring  and  summer  months,  when  the  sap  is  in 
the  wood.  The  tree  is  consequently  cut  down  and  drawn  while 
green  into  the  boucherising  yard. 

As  is  most  natural,  the  process  is  applied  to  tho  butt  end, 
and,  as  a  rule,  almost  the  moment  the  solution  of  sulphate  of  copper 
is  turned  on,  the  sap  will  be  observed  running  firom  tho  top  or  small 
end  of  the  stick.  In  this  process  we  have  a  fair  means  of  testing 
its  conductivity  of  moisture — tho  pressure  being  equal  in  all  cases. 
The  experiment  had  for  its  object  to  determine,  if  it  were  possible, 
to  treat  a  pole  with  equal  success  from  the  small  or  top  end  as 
from  the  larger  or  butt  end.  Such  proved  to  be  the  case.  The 
application  of  the  solution  of  sulphate  of  copper  at  the  small  eod 
almost  instantly  started  tho  sap,  which  poured  out  from  the  larger  aid. 
The  boucherising  of  the  pole  was  completed,  moreover,  in  the  usual 
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timo — that  is,  it  ocGupied  no  more  time  to  treat  the  pole  in  the 
direction  named  than  it  would  had  the  process  been  applied  from 
the  natural  or  butt  end. 

That  tliere  is  also  a  lateral  connection  between  the  fibres  may  be 
proved  by  reference  to  a  creosoted  pole.  An  inspection  of  the 
pole  will  show  that  the  creosote  has  penetrated  from  either  end 
Bome  12  or  18  inches.  This  is  the  extent  to  which  the  pores  of  the 
wood  have  carried  it  in  that  direction,  whilst  from  the  sides  of  the 
pole  it  will  have  penetrated  but  an  inch  or  two. 

From  these  examples,  as  well  as  from  the  ordinary  method  of 
bouoherising,  we  possess  proof  of  the  conductibility  of  moisture 
in  wood  in  an  upward^  in  a  downward^  and  in  a  lateral  direction, 
supporting  the  theory  already  advanced,  by  which  you  are  asked 
to  regard  the  pores  of  that  portion  of  the  pole  buried  in  the  soil  as 
BO  many  miniature  force-pumps,  to  which  the  warmer  stratum  of 
air  above  the  ground  line  acts  as  the  motive  power,  the  action 
being  for  the  main  part  from  the  bottom  of  the  pole  upwards, 
although  after  a  long  lapse  of  dry  weather  it  is  possible  that  on  a 
deluge  of  wet  this  action  is  for  a  short  time  reversed ;  the  pores  in 
this  case  acting  simply  as  pipes  to  carrj'  the  surface  saturation  to 
the  lower  portion  of  the  pole,  until  the  whole  is  charged  alike. 

The  methods  which  are  adopted  for  the  preservation  of  timber 
from  the  destructive  effects  of  dry  and  wet  rot  are  of  two  kinds, 
the  one  applied  externally  (A)  and  the  other  internally  (B), 

(A).  The  external  applications  are  : — 

1.  Seasoning. 

The  tree  when  felled  is  cleared  of  its  branches,  cut  to  the  required 
length,  barked,  the  knots  shaved  down,  and  the  pole  then  stacked 
in  such  a  manner  that  the  air  can  circulate  freely  around  it  and 
favom*  the  escape  of  the  natural  juices  of  the  wood.  The  bark,  if 
left  on,  harbours  boring-worms  and  insects,  confines  the  sap,  and 
prevents  evaporation.  When  the  pole  has  been  so  exposed  for 
such  a  time  as  to  be  dry,  it  is  said  to  be  seasoned.  Timber  is 
sometimes  artificially  seasoned  in  hot-air  chambers.  It  is  also 
fixjquently  immersed  for  a  long  timo  in  salt  water,  by  which  pro- 
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cess  the  sap  and  germs  of  decay  are  supposed  to  be  washed  out ; 
but  the  most  effective  seasoning  is  that  due  to  exposure  to  the  air. 
The  poles  must  not  however  be  exposed  to  the  sim  or  they  crack, 
nor  should  they  be  exposed  to  rain  or  they  will  absorb  water. 

2.   Charring  and  Tarring. 

Charring  consists  in  slightly  roasting  or  carbonizing  the  surface 
of  the  wood,  when  it  is  dry,  to  a  distance  of  six  feet  or  more  from 
the  base  of  the  pole.  It  expels  the  sap,  if  any  remain,  destroys  the 
external  ligneous  pores  of  the  wood,  coating  it  with  a  hard  shell, 
checking  absorption,  and  it  kills  the  germs  of  animal  and  vegetable 
life  that  exist  in  that  portion  of  the  tree.  It  is  done  by  placing 
the  pole,  for  the  length  required  to  bo  charred,  over  a  moderate 
fire,  and  removing  it  as  soon  as  the  surface  becomes  black  ani 
before  it  catches  fire.  The  portion  charred  and  some  three  feet  of 
the  pole  above  is  usually  coated  with  tar  while  it  is  hot 

When  a  pole  has  been  not  merely  charred,  but  also  well  tarred 
about  the  wind  and  water  line  only,  we  notice  that  decay  is  removec: 
to  the  point  above  that  so  treated,  at  once  giving  evidence  of  th^ 
good  done,  and  suggesting  that,  if  the  whole  of  that  portion  of  th  * 
pole  placed  underground  had  been  served  in  a  similar  manner,  th  ^ 
destructive  action  might  have  been  still  further  delayed.  Effort- 
seem  to  have  been  directed  almost  solely  to  that  point  at  whici 
decay  has  presented  itself.  The  bottom  of  the  pole  is  frequently 
neither  charred  nor  tarred.  Its  lower  portion  is  thus  left  unpro*- 
tected,  and  open  to  the  absorbing  action.  It  is  here  that  moisture 
creeps  in,  and  it  is  from  this  point  that,  under  the  influence  of  the 
higher  temperature  above,  it  is  drawn  upwards,  imtil  it  reaches 
that  part  where  the  pores  of  the  wood  are  no  longer  sealed  up. 
Here  it  breaks  forth,  tearing  the  fibres  asunder,  disintegrating  and 
destroying  the  wood  in  the  manner  obsen-ed. 

It  is  important  in  charring  that  the  wood  should  not  be  burnt, 
[f  it  be  so,  the  tar  will  be  absorbed  by  the  burnt  portion,  and  will 
Boaroely  penetrate  beyond  it.  In  planting  the  pole  the  charred 
portion  will  probably  become  detached,  and  the  object  will  thus  be 
defeated.  When  a  pole  is  burnt  it  is  better  to  scrape  off  the  bnmt 
portion  before  tlie  tar  is  applied. 
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The  tops  of  the  poles,  if  not  preserved  from  moisture,  decay.  In 
ume  comitriea  they  merely  point  the  poles  and  paint  them,  but  in 
England  they  are  invariably  protected  with  roofs  and  caps,  usually 
galranized  iron  roofs  bent  and  nailed  on  the  top,  sloped  for  the 
porpose. 

3.  Local  Applications. 

The  general  decay  of  telegraph  poles  began  to  develop  itself  in 
the  year  1855,  and,  its  theory  not  being  MIy  understood,  local 
ipplic&tioDS  to  the  "  wind  and  water  "  mark  were  applied.  Gangs 
mre  sent  sboiit  the  country  to  remove  the  ground  to  a  deptli  of 
iboat  2  feet,  cutting  off  the  decayed  part  of  the  poles,  and  plaster- 
ing it  above  and  below  the  ground  line  with  asphalto,  and  eventually 
with  cast-iron  and  earthenware  cylinders  filled  with  asphalte 
[Fig,  2).  But  these  and  other  plans  applied  to  the  s^ne  part 
entirely  failed. 


Some  years  since  Mr.  Prceco  attempted  to  stay  its  ravages  hy 
encaging  the  butt-end  of  the  polo  in  an  earthenware  jar  (Fig.  3), 
'ill'ng  up  the  space  between  the  jar  and  the  pole  by  a  compound 
oi  hot  tar,  lime,  and  felt ;  but  the  experiment  was  not  successful. 
Ita  failure  was  possibly  duo  to  want  of  care  in  carrying  out.  It 
woolii  moreover  appear,  that,  to  be  suecessful,  the  entire  portion 
of  the  pole  buried  in  the  soil  should  be  rendered  waterproof. 
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During  the  discussion  on  telegraph  poles  in  the  early  portion  of 
tlio  past  session,  a  latter  from  Mr.  Hayncs,  tlie  telegraph  saper- 


Fig.  3. 

intendent  of  the  Bristol  and  Exeter  Railway,  was  read,  in  which  it 
was  stated,  that,  about  some  twenty  years  since,  the  Electric  Tele- 
graph Company  erected  between  Yatton  and  Worle  station  three 
miles  of  wooden  poles,  fitted  with  screw  iron  sockets.     (Fig.  4.) 


Mr.  Haynes  then  proceeds  to  state :  "  I  cannot  leam  th»t  any 
renewals  were  necessary  until  last  year.  I  then  found  that  seTertl 
of  the  poles  had  gone  badly  near  the  sockets,  and  others  were 
rotted  near  the  top.  Those  that  were  had  at  the  bottom  were 
several  inches  below  ground,  and  had  evidently  been  in  that 
position   fop  a  considerable   time.      They   apparently   had   either 


1874.]  OF  TELEGRAPH  POLES.  193 

forced  the  sockets  deeper  into  the  ground,  or  the  sockets  were 
buried  too  deep  in  the  first  instance." 

It  is  of  course  equally  possible  for  the  poles  tlnis  referred  to  as 
being  buried  too  far  in  the  soil  to  have  had  the  soil  raised  around 
them  by  fresh  ballasting.  Be  that  as  it  may,  we  have  here  a  strong 
argument  in  favour  of  the  theory  advanced.  These  poles  have 
stood  twenty  years,  and  of  those  showing  signs  of  decay  the  decayed 
portion  is  that  which  has  been  exposed  to  the  soil. 

(B.)  The  internal  application  of  the  best  known  preservative 
processes  is  of  two  kinds : — 

1st   The  introduction  into  the  pores  of  the  wood  of  some 
saky  which,  uniting  chemically  with  the  albumen  of  the 
sap,  is  stated  to  convert  it  into  an  insoluble  compound  ; 
2nd.  The  introduction  of  some  oily  which  not  only  acts  as  an 
antiseptic,  but  renders  the  woody  tissue  waterproof. 
Under  the  first  head  several  processes  have  been  tried,  but  the 
best  known  are  Bumetising,  Kyanising,  and  Boucherising. 

Bumetising  consists  in  impregnating  the  timber  when  dry  with 
a  solution  of  chloride  of  zinc.  The  original  poles  on  the  London 
and  South  Western  Railway  erected  in  1844  were  so  served, 
as  were  others  erected  on  the  Midland  in  1846.  They  were  in 
both  cases  of  the  best  Memel  timber.  The  process  does  not  appear 
to  have  been  much  employed  of  late  years* 

In  1857  Mr.  Warwick,  reporting  upon  the  condition  of  Burnetised 
timber,  found,  out  of  17, 

4  in  good  condition, 
12  slightly  decayed, 
Ibad; 
the  poles  having  been  standing  for  about  eleven  years. 

Mr.  Preece  shortly  afterwards,  in  reporting  upon  an  examina- 
tion  of  some  47  miles  of  line,  found  the  propoiiion  of  decayed  poles 
— ^poles  which  were  become  so  bad  as  to  require  spurring — to  be  as 
follows : — 

In  sand  2  in  5 
In  clay    2  in  6 
In  chalk  2  in  7. 
The  poles  having  been  [)lanted  in  this  case  13  years. 
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Three  years  later  Mr.  Preoco  again  reports  as  follows  : — 

In  sand  74  out  of  97 
In  chalk  50  out  of  112 
In  gravel  25  out  of  70 
In  clay     18  out  of   73. 

The  age  of  these  poles  being  at  that  time  16  years.  All  these 
poles  were  renewed  by  the  end  of  1871. 

Kt/anisinff  consists  in  impregnating  the  timber  with  a  solution  of 
corrosive  sublimate  (mercuric  chloride). 

In  both  Kyanising  and  Bumetising  open  tanks  are  filled  with 
the  solution  with  which  the  timber  is  required  to  be  charged.  The 
timber  is  then  submerged  in  it,  weU  fixed  down,  and  allowed  to 
remain  soaking  imtil  it  has  absorbed  the  proper  quantity  of  the 
solution. 

On  the  Cornwall  Railway  some  400  larch  poles,  prepared  under 
this  process,  were  erected  some  seven  years  since.  Mr.  Webber,  the 
Telegraph  Superintendent  of  that  line,  states  they  are  apparently 
as  sound  as  ever. 

Boucherising  consists  of  impregnating  the  timber  with  sulphate 
of  copper.  This  is  effected  by  applying  a  solution  of  this  description 
to  the  butt-end  of  the  pole  under  a  genfle  pressure  provided  by  the 
weight  of  the  liquid  itself,  which  is  usually  arranged  in  tanks  at  a 
height  of  some  fifty  feet  above  the  level  at  which  the  timber  is 
pkced.  The  lasting  properties  which  this  process  imparts  to  timber 
appear  to  vary  considerably.  During  the  discussion  previously 
referred  to  (Iron  poles.  Session  1873)  Mr.  Culley  pronounced  it  a 
failure  under  special  circumstances.  In  some  instances  poles  which 
have  not  been  planted  more  than  six  years  have  heen  removed 
owing  to  dry  rot  In  other  cases  they  have  still  been  found  good 
after  standing  13  or  14  years. 

The  Yeovil  and  Exeter  section  of  the  London  and  Soutii  Western 
Railway  wa§  built  of  poles  prepared  under  this  prooess  in  1861. 
The  line  was  whoUy  renewed  in  1871,  prior  to  which  date  very 
many  poles  had  been  replaced.  It  is  however  only  fair  to  say 
that  at  the  time  of  the  renewal  some  few  poles  still  remained 
sound,  and  are  still  in  use  on  another  section  of  line. 

Boucherising  has,  in  spite  of  its  apparentiy  uncertain  aodoD, 
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tlie  recommendation  thgt  it  can  be  applied  in  tlie  wood  in  whicli 
the  tree  grows,  thereby  probably  saving  a  considerable  outlay  in 
carriage;  tbat  poles  prepared  by  it  con  be  made  use  of  immediately; 
in  fact  that  a  tree  may  be  cut  down,  hauled  into  the  Boucherising 
yard,  subjected  to  the  process,  and  erected  as  a  telegraph  pole  in  a 
month,  and  this  with  a  prospect  of  its  lasting  some  10  or  12  years. 

With  other  proceBsee  of  this  character  tida  is  not  so.  With  the 
Eyanising  or  Bumetisiiig  processes  it  is  necessary  that  the  wood 
should  first  be  thoroughly  dry. 

Attempts  have  been  made  to  render  timber  indestructible  by 
supplying  the  tree  with  antiseptic  salts  while  growing.     The  most 


oomplete  experiments  in  this  direction  were  made  by  Mr.  Hyett, 
F.B.S.,  who  not  only  supplied  the  living  tree  witli  preservative 
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materials,  but  changed  the  colour  of  the  wood  so  as  to  make  beech 
appear  a  beautiful  mahogany,  and  larch  an  exquisite  rosewood. 

About  6  inches  from  the  ground  a  2-inch  auger-hole  was  bored 
quite  through  the  centre  of  the  tree,  a  naiTow  saw  was  then  intro- 
duced, making  a  horizontal  cut  right  and  left  of  the  tree.  A  clay 
basin  holding  about  two  gallons  was  arranged  around  the  bottom, 
in  which  the  solution  was  placed.  In  this  way,  it  is  stated,  trees 
became  thoroughly  impregnated  with  tlie  required  salt. 

We  now  come  to  the  preservation  of  timber  by  oil,  and  under 
tliis  head  wo  have  simply  to  deal  with  that  system  known  as 
creosotinff.  The  theory  of  the  application  of  creosote  is  that  it  is 
not  only  an  antiseptic,  but  it  destroys  any  vegetable  germ  which 
may  exist  in  the  timber,  and  that  it  renders  it  impervious  to 
moisture.  Its  usul  mode  of  application  is  by  placing  the  poles 
within  a  cylinder,  which  is  then  made  air-tight,  and  the  air 
exhausted  from  it  In  exhausting  the  air  it  is  said  any  moisture 
held  in  the  wood  is  also  removed.  This  is  very  doubtful.  How- 
ever, the  air  being  exhausted,  the  creosote  is  then  turned  in  the 
cylinder,  and  injected  into  the  wood,  under  a  pressure  varying 
according  to  the  contents  of  the  cylinder. 

There  can  be  no  question  that  in  creosote  we  have  by  far  the  best 
preservative  yet  produced.     It  is  cheap,  easily  applied,  and  effective. 

Perhaps  no  greater  recommendation  of  its  efficiency  can  be  offered 
than  the  fact  that  there  is  now  standing,  to  aU  appearance  as  good 
as  when  first  erected,  a  line  of  poles  between  Fareham  and  Ports- 
mouth on  the  London  and  South  Western  Railway  which  was 
erected  in  1848-9.  These  poles  are  now  five-and-twenty  years  old, 
and,  when  examined  a  few  months  since,  gave  no  sign  of  decay. 

In  1861  Mr.  Preece,  reporting  upon  this  form  of  preservative, 
states  that  out  of  318  poles  examined  only  two  gave  signs  of  decay, 
and  that  at  the  top  of  the  poles.  The  poles  had  been  standing 
twelve  years.  The  next  line  of  poles  of  creosoted  timber  planted 
on  the  London  and  South  Western  Railway  was  .that  between 
Epsom  and  Leatherhead.  They  were  erected  in  1861,  and  are  still 
apparently  as  good  as  when  first  put  in.  Very  nearly  the  whole  of 
the  London  and  Soutli  Western  Railway  Company's  Telegrapli 
syaioin  is  now  constructed  of  creosoted  timber. 
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In  creosote  we  no  longer  deal  with  an  absorbent  of  moisture^  but 
with  something  directly  opposed  to  it.  Hence  its  power  of  resisting 
that  action  which  has  been  described  as  destructive  to  the  pole,  and 
henoe  the  durability  of  creosote  over  all  other  descriptions  of  pre- 
pared timber.  Let  the  timber  be  dry  when  the  creosote  is  applied, 
and  let  it  be  applied  under  proper  pressure  ;  the  result  need  not  be 
jnestioned.  But  let  the  timber  be  wet  when  subjected  to  the 
process,  and  it  is  probable  that  at  no  distant  date  the  core  of  the 
i¥ood,  or  that  portion  of  it  between  the  heart  and  the  point  to  which 
iie  creosote  has  penetrated,  will  become  rotten ;  for  to  this  point 
wrill  have  been  driven  the  moisture  contained  in  the  wood.  Here 
it  must  remain,  for  there  is  no  escape  through  the  creosote, 
[t  must  consequently  ferment,  rot,  and  destroy  the  core  of  the 
pole. 

In  employing  creosoted  timber  care  should  be  taken  when  the 
sreosoted  portion  is  removed,  as  is  sometimes  the  case  in  fixing 
;he  tie-pieces  at  the  foot  of  A  poles,  that  the  uncreosoted  portion 
exposed  be  well  tarred,  and  even  where  the  same  occurs  above- 
rroond — as  when  slotting  poles  for  arms — that  it  should  in  some 
vay  be  preserved  from  the  effects  of  wet.  No  great  time  since, 
vhen  Railway  Companies  began  to  make  use  of  creosoted  sleepers, 
t  was  not  an  imusual  thing  to  see  them  fitted  for  the  chairs  after 
hey  had  been  submitted  to  the  process.  The  natural  consequence 
vas  that  the  point  at  which  the  greatest  durability  was  required 
vas  the  first  to  decay.  We  now  see  sleepers  fitted  before  being 
jreosoted.  As  yet  we  have  small  experience  of  the  final  durability 
>f  creosoted  poles,  and,  although  hitherto  the  tops  of  our  poles  have 
)een  but  a  secondary  consideration  in  consequence  of  the  certain 
nore  rapid  decay  of  the  lower  portion,  such  may  not  be  the  case  in 
xitore. 

Neither  should  it  be  forgotten  that,  whilst  creosoted  timber  is 
mpervious  to  wet,  it  is  not  so  to  the  sun's  rays.  A  creosoted  pole 
vill  always  show  on  which  side  the  sun  shines.  The  oil  is  by  his 
nflnence  brought  to  the  surface  of  the  wood.  Some  of  it  evapo- 
rates whilst  the  rest  trickles  down  the  pole,  forming  a  little  mass 
iround  its.  base  at  the  ground-line.  It  is  desirable  for  this  reason 
hat  such  poles  should  occasionally  be  served  with  a  coat  of  tar. 

VOL.  III.  0 
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As  to  the  period  at  which  this  should  be  done,  the  pole  itself  will 
be  the  best  guide.  Foles  treated  under  this  process  differ  con- 
siderably in  the  manner  and  ineasui-e  in  which  they  accept  it- 
Their  dryness,  growth,  and  texture  are  all  circumstaDces  by  which 
their  absorption  of  the  oil  is  governed.  A  damp,  or  a  close- 
grained,  pole  will  not  receive  it  so  well  as  a  dry  or  coarse-grained 
pole.  As  soon  as  the  pole  assumes  a  light  rusty  browo  coloor 
then  it  is  desirable  to  give  it  a  coat  of  tar, 

The  great  expense  whicli  attends  the  carriage  of  timber  renders 
it  scarcely  possible  to  obtain  creosoted  poles  in  all  parts.  Were  tt 
otherwise,  however,  other  objections  accompany  its  employment. 
To  some,  black  poles  are  an  eyesore,  whilst  to  others  their  smell  is 
objectionable.  We  have  seen  that  the  decay  of  our  poles  takes  place 
from  the  butt-end  upwards,  to  sometliing  from  twelve  inches  to  two 
feet  above  the  ground-line,  and,  if  the  cause  of  this  decay  is  iitat  sug- 
gested in  this  paper,  it  would  seem  that  where  a  difficulty  attends 
the  provision  or  use  of  poles  wholly  creosoted,  the  preservation  of 
the  timber  might  bo  secured  by  creosoting  the  bottom  portion  only. 


tie  c 
lu  1870-71  a  new  hno  of  poles  was  erected  by  tlie   Postal  Tele- 
graph  Itepartment  between  London  and  Beachy  Head.     It  wu 
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bought  desirable  that  some  of  the  poles  used  should  be  prepared 
fter  this  fashion.  A  large  tank  was  obtained  and  arranged  so 
liat  a  fire  could  be  lit  imderneath  it.  In  the  tank  was  placed  a 
uantity  of  creosote,  which  was  kept  at  boiling  heat,  and  the 
utts  of  the  poles  were  submerged  in  it,  as  shown  in  the  diagram 
Fig.  6).  A  man  in  attendance  looked  to  the  fire  and  kept  con- 
tantly  laving  the  poles  so  as  to  secure  an  application  of  the  process 
or  six  or  eight  feet  of  the  butt-end  of  the  pole.  By  this  means 
ome  twelve  or  fourteen  poles  at  a  time  received  a  very  fair  surface- 
oating  of  creosote,  which,  although  not  penetrating  so  far  as 
vould  have  been  the  case  had  they  been  treated  under  pressure, 
v^as  yet  very  superior  to  a  coat  of  tar,  the  wood  being  penetrated 
rom  a  quarter  to  three-eighths  of  an  inch. 

This  very  modified  system  of  creosoting  is  no  doubt  capable  of 
mprovement.  It  has  advantages  of  great  moment.  The  neces- 
ary  apparatus  for  its  application  can  be  mounted  upon  wheels. 
The  tank  can  assume  the  shape  of  a  wagon,  and  it  can  be  fitted 
vith  a  regular  heating  arrangement.  Li  this  way  it  could  with 
onvenience  be  moved  from  place  to  place — set  up  in  the  veiy 
vood  in  which  the  timber  is  cut,  trimmed,  and  stacked.  It  leaves 
he  upper  portion  of  the  pole  free  for  painting  or  other  treatment, 
ind  it  in  no  way  impairs  the  elasticity  of  the  wood.  It  would,  of 
•ourse,  be  wholly  premature  to  attempt  to  draw  conclusions  from 
he  present  condition  of  the  poles  on  the  Beachy  Head  line  served 
rnder  this  process,  unless  it  was  of  a  negative  character.  It  may 
ye  mentioned,  however,  that  a  recent  examination  of  them  has 
)een  so  far  satisfactory,  the  timber  being  to  all  appearance  as  good 
LS  when  first  planted. 

It  would  appear  very  desirable  that,  in  all  cases  except  where  the 
vhole  of  the  pole  is  regularly  creosoted,  the  butt-end  should  be 
«rved  with  u  good  coating  of  tar  before  being  placed  in  tlie 
pround.  And  this  applies  to  poles  prepared  under  a  salt  as  well  as 
o  plain  poles.  If  there  is  any  virtue  in  infusing  into  the  wood  a 
iolation  of  such  a  description,  it  would  certainly  appear  proper  \jo 
)rovide  against  its  escape.  That  poles  prepared  under  this  system 
lo  lose  some  portion  of  the  salt  injected  into  them  may  be  seen,  on 
examining  the  soil  in  which  a  bouchcriscd  pole  has  becw  \A^wVftv\, 

o  2 
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For  some  twelve  inches  or  more  around  the  pole  the  ground  will 
be  found  tainted  with  sulphate  of  copper.  With  a  chalky  soil  the 
discoloration  is  very  perceptible.  This  will  probably  be  best  pre- 
vented by  serving  the  butt-end  in  the  manner  named,  taking  care 
to  apply  the  tar  to  the  bottom  of  the  pole  as  well  as  to  the  sides. 
In  conclusion  then  we  may  gather  from  the  foregoing  : — 

1.  That  creosoted  poles  plaiited  twenty-five  or  twenty-six 

years  since   are   still   apparently  in   a  state  of  perfect 
preservation. 

2.  That   poles  fitted  with  iron  sockets  which  'exclude  the 

moisture  from  the  wood,  planted  twenty  years  since,  are 
still  in  a  good  state  of  preservation. 

3.  That  specially  selected   foreign  timber,   Bumetised,   has 

lasted  with  repairs  from  eighteen  to  twenty-four  years. 

4.  That  Boucherised  timber  may   be   said  to    last    tea  to 

fourteen  years. 

It  would  thus  appear  that,  with  those  systems  classed  under  the 
head  of  preservation  by  a  salt  by  which  moisture  is  contracted^  we 
have  a  varying  and  micertain  extension  of  the  life  of  timber; 
but  in  no  case  is  this  extension  such  as  to  compete  with  that 
secured  by  creosote,  by  which  moisture  is  rejected. 

It  should  be  observed,  that  all  timber  when  treated  by  any 
of  the  preservative  processes  in  genei*al  use  becomes,  under 
certain  conditions,  what  is  technically  termed  "  shortj"  that  is, 
it  easily  breaks  in  two.  When  the  whole  of  the  wood  is  thoroughly 
impregnated  with  the  process,  its  tensile  strength  becomes  impaired. 
It  no  longer,  when  dry,  retains  the  same  amount  of  elasticity  it 
possessed  when  in  its  natural  state.  Timber  treated  with  a  salt 
recovers  a  great  deal  of  tliis  when  in  a  moist  state,  as  it  generally 
is  when  in  the  ground.  Creosoted  poles  do  not  hold  moisture, 
but  it  is  seldom  the  oil  penetrates  the  whole  of  the  wood,  con- 
sequently there  is  still  some  portion  of  its  elasticity  left  This 
shortness  may  be  easily  tested  by  taking  a  piece  of  dry  creosoted 
or  other  preserved  timber,  and  trying  to  split  it  with  an  axe.  It 
will  be  found  that  the  axe  will  not  follow  the  course  of  the  grain  of 
the  wood. 

It  13  witli  very  much  pleasure  I  acknowledge  the  kind  assistance 
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which  Mr.  W.  H.  Preece  has  rendered  me  in  placing  at  my 
disposal  information,  and  otherwise  directing  my  efforts  in  such  a 
manner  as  has,  I  trust,  enabled  me  to  render  this  paper  more 
complete  and  valuable  than  would  otherwise  have  been  in  my 
power. 


DISCUSSION. 

The  author  of  the  paper  described  in  detail  the  various  specimens 
of  timber  exhibited  in  illustration  of  the  views  he  had  put  forward. 

The  Chairman  :  In  inviting  discussion  upon  this  paper  I  would 
remark,  as  the  author  has  done  before  me,  that  the  subject  is  one 
of  great  importance,  both  as  to  the  state  of  things  in  this  country 
and  in  foreign  countries.  I  therefore  hope  members  who  can  give 
information  upon  it,  however  slight,  will  not  fail  to  do  so.  Wo 
shall  now  be  glad  to  hear  any  remarks  that  gentlemen  may  favour 
us  with. 

Mr.  GoLDSTONE  (responding  to  the  Chairman's  invitation)  said : 
I  do  not  know  that  I  can  say  much  on  this  subject.  I  have  been 
talking  this  matter  over  with  Mr.  Langdon,  and  compared  our 
views,  in  which  we  are  very  much  agreed.  I  would  just  advert  to 
the  drawing  No.  6.  The  first  timber  I  ever  saw  prepared  in  that 
way  was  some  hop-poles  in  Kent  I  thought  a  wrinkle  might  be 
got  from  it.  Qt)ing  over  some  hop-grounds,  a  man  showed  me  a 
lot  of  poles  which  he  had  served  in  this  way.  They  were  placed  in 
a  tank  of  boiling  creosote,  and  it  was  stated  to  me  that  a  consider- 
able saving  per  annum  was  effected  through  this  simple  treatment 
of  the  poles.  It  occurred  to  me  that,  if  it  was  beneficial  for  hop- 
poles,  it  would  be  a  good  thing  for  telegraph  poles.  About  twelve 
months  after  that  I  met  Mr.  Langdon,  and  he  suggested  to  me  to 
serve  some  telegraph  poles  in  that  fashion.  I  did  so,  and  the  poles 
have  been  put  down,  but  the  time  as  yet  is  not  sufficient  to  prove 
whether  that  really  does  the  required  thing  or  not.  I  hope  on  the 
next  occasion  to  bring  you  a  piece  of  one  of  the  poles  which  Mr. 
Langdon  referred  to  as  having  been  in  the  ground  for  25  yeai's.  I 
liad  reserved  with  this  object  a  pole  that  was  taken  out  as  being  too 
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short  for  its  purpose,  and  which  was  put  bjr  in  case  it  was  required 
for  any  other  work;  but  I  find  it  has  been  used  notwithstanding; 
but  I  will  have  one  here  at  the  next  meeting. 

The  Chairman  :  Is  that  a  creosoted  pole  ? 

Mr.  GoLDSTONE :  Yes.  The  boucherised  poles  were  used  on  the 
South  Western  line.  I  rather  like  the  boucherised  poles,  but  I 
cannot  say  it  really  answers  the  purpose  so  well  as  creosoting,  but 
boucherised  poles  can  be  painted  and  made  to  look  prettier.  It  is 
useful  to  be  able  to  put  in  a  piece  of  timber  which  is  as  easily 
adapted  as  a  piece  of  plain  timber.  The  Yeovil  and  Exeter  Kne 
was  taken  up  in  1870.  It  was  planted  by  the  old  Telegraph  Com- 
pany as  an  experimental  line.  At  the  time  it  was  planted  they 
put  in  alternately  plain  poles,  creosoted  poles,  and  boucherised  poles, 
in  order  to  give  each  kind  a  fair  trial.  The  unprepared  poles  were 
larch,  Scotch  fir,  and  spruce  ;  the  boucherised  poles  were  all  Scotch 
fir;  and  the  creosoted  generally  Norway  red  fir.  Not  one  of 
the  creosoted  poles  was  found  to  be  decayed,  and  almost  without 
exception  they  were  used  again ;  but  not  one  of  the  plain  poles 
could  be  used  again — all  were  more  or  less  rotten,  and  some  of 
them  in  a  very  bad  state  indeed  ;  the  majority  of  them  were 
more  or  less  rotten  all  the  way  up,  especially  up  to  the  ground-line. 
Of  the  boucherised  poles  we  found  that  about  30  per  cent,  of  them 
were  gone,  very  much  in  the  way  you  see  these  here,  just  about 
the  ground-line.  It  occurred  to  me  the  reason  for  that  was,  in 
some  cases  they  had  not  been  properly  boucherised.  We  were 
obliged  to  plant  the  whole  line  afresh,  and  as  the  wires  were 
increased  in  number  the  poles  were  shortened.  A  great  many  of 
the  sound  boucherised  poles  were  used  to  renew  the  other  line ;  they 
are  still  in  use,  and  in  time  we  shall  know  the  real  value  of  them. 

Mr.  Bell:  From  my  experience,  I  believe  the  charring  and 
tarring  treatment  is  rather  detrimental  than  otherwise  to  the  poles, 
unless  tliey  are  quite  dry ;  as  in  the  case  of  creosoted  poles,  unless 
quite  dry,  the  moisture  is  driven  inwards.  I  knew  a  case,  on  the 
York  and  North  Midland  Railway,  in  which  larch  poles  were  felled 
and  quickly  treated  by  this  process,  and  erected  before  they  had 
time  to  season.  The  result  of  that  was  that  after  four  years  the 
poles  had  to  be  repaired  by  spurring.    A  great  portion  of  the  poles 
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were  completely  decayed ;  but  it  was  a  singular  fact  that  where 
the  charring  commenced  the  decay  took  place ;  the  sap  *of  the 
poles  had  descended  to  that  spot,  and  tliere  it  had  stopped,  and 
there  the  decay  was  commenced  by  the  moisture  being  left  in  the 
pole.  I  was  so  much  struck  with  that  fact,  that,  as  I  had  some 
lines  to  erect  on  branches  of  the  South  Western  Railway,  I  pro- 
posed that  the  top  of  the  holes  should  be  left  open,  so  that  the 
wood  might  get  seasoned.  Of  these  poles  some  were  boucherised ; 
but  they  were  mixed,  and  a  great  many  were  larch  poles  put  up 
without  preparation ;  but  the  holes  were  left  open  with  the  intention 
of  filling  them  up,  perhaps,  a  year  or  so  afterwards.  I  do  not  know 
what  was  the  success  or  otherwise  of  the  experiment.  Respecting 
the  mode  of  preparing  by  tanking  the  butts,  I  tliink  that,  unless  the 
poles  are  thoroughly  seasoned  before  creosoting,  tlio  treatment 
would  be  mischievous  rather  than  otherwise.  I  have  referred  to 
the  tar  process,  and  I  fear  the  creosoting  in  tanks  would  have  a 
similar  effect,  imless  the  wood  is  seasoned.  You  cannot  hope  by 
tanking  to  leach  beyond  a  small  depth  into  the  wood,  while  creo- 
soting is  done  in  cylinders  under  a  pressure  of  100  or  150  lbs.  to 
the  square  inch,  which  forces  through  the  pores  of  the  sap-wood, 
because  it  never  goes  through  tlie  heart  or  red  wood.  So  that  I 
fear  a  large  portion  of  the  sap-wood,  which  you  could  not  reach  in 
this  way,  would  ultimately  decay.  There  is  one  process  which  Mr. 
Langdon  has  not  mentioned — that  is  Beer* 8  process,  in  which  borax 
18  iLsed.  The  wood  is  steeped  in  it,  and  it  is  supposed  to  neutralise 
the  decaying  vegetable  matter  in  the  wood,  and  this  was  afterwards 
washed  out. 

The  Chaibman  :  I  would  ask  Mr.  Bell,  or  any  other  gentleman 
present,  whether  he  or  they  have  ever  met  with  a  case  in  which 
wood  creosoted  to  any  depth  has  ever  decayed,  or  whether  they 
have  known  of  any  heart- wood  becoming  rotten  while  the  outside 
remained  sound  ? 

Mr.  Bell  :  Speaking  for  myself,  I  have  never  seen  any  creo- 
soted timber  decayed,  although  in  the  case  of  railway  sleepers  the 
wood  has  been  disintegrated  by  the  action  of  the  chairs.  I  should 
like  to  ask  what  was  the  proportion  of  poles  decayed  on  the  Ports- 
mouth line,  and  whether  thev  were  red  wood  or  white  wood  ? 


204  rRESERVATIOX  OF  TELEGKAPII  POLES.        [25th  March, 

Mr.  Langdon  replied  they  were  foreign — Memel,all  of  them. 

The  Chairman  aske<l  what  portion  of  the  Sahsbury  and  Andover 
line  Mr.  Bell  was  engaged  upon. 

Mr.  Bell  :  From  Bishopstoke  to  Sahsbury  and  fix)m  Basingstoke 
to  Andover.  Some  of  the  poles  on  the  latter  hne,  I  believe,  were 
boacherised  and  some  were  quite  unpreserved.  Some  were  almost 
green  timber ;  they  were  not  hard-grown  larch. 

Mr.  IsHERWOOD  (responding  to  the  Chairman's  call)  said :  My 
experience  in  timber  for  telegraph  poles  is  limited,  for  all  I  have 
fixed  in  London  have  not  been  down  more  than  about  four  years, 
and  they  have  had  little  opportunity  of  decaying.  The  poles  I 
have  fixed  in  the  suburbs  of  London  were  some  of  them  treated 
with  the  preservative  process,  whilst  some  were  used  without  any 
preparation  whatever,  but  none  have  as  yet  shown  signs  of  decay. 

Mr.  Von  Fischer  Treuenfeld  :  I  have  had  no  experience  in 
Unes  of  wooden  poles  in  England,  and  I  can  only  call  attention  to 
some  descriptions  of  tropical  timber,  which  will  perhaps  be  of  no 
advantage  to  this  discussion ;  but  it  may  be  interesting  to  know 
that  there  are  tropical  trees  which  will  last,  I  should  say,  for  two 
hundred  years  without  showing  the  slightest  signs  of  decay.  On 
one  occasion  I  took  up  a  number  of  poles  which  had  been  used — 
not  for  telegraph  poles  but  for  building  purposes — ^which  had  been 
in  the  ground  for  over  one  hundred  years,  and  they  did  not  show 
the  slightest  signs  of  decay  or  corrosion.  There  is  a  timber  in  the 
interior  of  South  America  called  native  lime  or  iron-wood.  That 
wood  is  so  hard  it  is  impossible  to  drive  a  nail  into  it,  and  I  believe 
that  would  remain  sound  for  hundreds  of  years  if  it  could  be 
brought  over  to  this  country  and  used  as  telegraph  poles.  I  have 
myself  used  it  for  that  purpose. 

The  further  discussion  of  the  paper  was  adjourned,  until  the  next 
meeting. 
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The  following  Candidates  were  balloted  for  and  declared  duly 
elected : — 


As  Foreign  Mrmbeb  : — 

Otto  Straube 

.     Buenos  Ayres. 

As  Member  : — 

« 

Edward  Lushington    . 

•     Brackenhurst,  Cobham. 

As  Associates  : — 

James  Bishop 

.     Shanghai. 

Edward  Lawson  . 

.     Funclial,  Madeira. 

James  Mathieson 

.     Silvertown. 

G^rge  Ward     . 

.     St.  Pierre,  Newfoundland. 

William  Warren 

.     George  To>vn,  Tasmania. 

As  Students  : — 

W.  H.  Cochrane 

.     King's  College. 

Edward  Hesketh 

do. 

Jos^  Pena  . 

«.              do. 

The  Meeting  then  adjourned. 
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The  Twenty-sixth  Ordinary  General  Meeting,  held  on  Wednesday, 
April  22nd,  1874,  Sir  William  Thomson,  President,  in  the 
Chair. 


The  following  Paper  was  communicated  by  Sir  William  Thomson, 
"On  Deep-Sea  Sounding  by  Pdlnoforte  Wire." 


On  the  29th  of  June,  1872, 1  sounded,  from  the  "  Lalla  Rookh" 
schooner-yacht,  in  the  Bay  of  Biscay,  witli  a  lead  weight  of 
30  lbs.,  hung  by  19  fathoms  of  cod -line  from  another  lead  weight 
of  41bs.  attached  to  one  end  of  a  three-mile  coil,  made  up  of 
lengths  of  pianoforte  wire  spliced  together  and  wound  on  a  light 
wheel,  about  a  fathom  in  circumference,  made  of  tinned  iron 
plate.  The  weight  was  allowed  to  run  directly  from  the  sound- 
ing-wheel into  the  sea,  and  a  resistance  exceeding  the  weight 
in  water  of  the  length  of  the  wire  actually  submerged  at  each 
instant  was  applied  tangentially  to  the  circumference  of  the  wheel, 
by  the  friction  of  a  cord  wound  round  a  groove  in  the  circum- 
ference, and  kept  suitably  tightened  by  a  weight.  My  position 
at  the  time  was  considerably  nearer  the  north  coast  of  Spain, 
than  a  point  where  the  chart  shows  a  depth  of  2,600  fathoms, 
the  greatest  depth  previously  marked  on  the  charts  of  the  Bay  of 
Biscay.  When  from  2,000  fathoms  to  2,500  fathoms  were  running 
off  the  wheel,  I  began  to  have  some  misgivings  as  to  the  accuracy 
of  my  estimations  of  weights  and  apphcation  of  resistance  to  the 
sounding-wheel.  But,  after  a  minute  or  two  more,  during  which 
I  was  feeling  more  and  more  anxious,  the  wheel  suddenly  stopped 
revolving,  as  I  had  expected  it  to  do  a  good  deal  sooner.  The 
impression  on  the  men  engaged  was  that  something  had  broken ; 
and  nobody  on  board  except  myself  had,  I  believe,  the  slightest 
faith  that  the  bottom  had  been  reached.  The  wire  -was  then  hauled 
up  by  four  or  five  men  pulling  on  an  endless  rope  round  a  groove 
on  one  side  of  the  wheel's  circumference.  After  about  1 ,000  fathoms 
of  wire  had  been  got  in,  the  wheel  began  to  show  signs  of  distress. 
I  then  perceived,  for  the  first  time,  (and  I  felt  much  ashamed  that 
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I  had  not  perceived  it  sooner,)  that  every  turn  of  wire  under  a 
pull  of  50  lbs.  must  press  the  wheel  on  tlie  two  sides  of  any  diameter 
with  opposing  forces  of  lOOlbs.,  and  tliat  therefore  2,240  turns, 
with  an  average  pull  on  the  wire  of  50 lbs.,  must  press  the  wheel 
together  with  a  force  of  100  tons,  or  else  something  must  give  way. 
In  fact  the  wheel  did  give  way,  and  its  yielding  wont  on  to  such 
an  extent  that  when  500  fathoms  of  wire  were  still  out  the  endless 
cord  which  had  been  used  for  hauling  would  no  longer  work  on 
its  groove.  The  remaining  500  fathoms  and  the  301bs.  sinker  were 
got  in  with  great  difficulty  by  one  man  working  at  a  time  in  an 
awkward  position  over  the  vessel's  side,  turning  the  wheel  slowly 
round  by  a  handle.  I  was  in  the  greatest  anxiety,  expecting  at 
any  moment  to  see  the  wheel  get  so  badly  out  of  shape  that  it 
would  be  impossible  to  carry  it  round  in  its  frame,  and  I  half 
expected  to  see  it  collapse  altogether  and  cause  a  break  of  the  wire. 
Neither  accident  happened,  and,  to  our  great  relief,  tlie  end  of  the 
wire  came  above  water,  when  instantly  the  1 9  fathoms  of  cod-lino 
were  taken  in  hand  and  the  301b.  sinker  hauled  on  board.  1 
scarcely  think  any  one  but  myself  believed  the  bottom  had  been 
reached  until  the  brass  tube  with  valve  was  unscrewed  from  the 
sinker  atid  showed  an  abundant  specimen  of  soft  grey  ooze.  Tlie 
length  of  wire  and  cod-line  which  had  been  paid  out  was  within 
a  few  fathoms  of  being  exactly  2,700  fathoms.  The  wire  was  so 
nearly  vertical  that  the  whole  length  of  line  out  cannot  have 
exceeded  the  true  depth  by  more  than  a  few  fathoms.  The  position 
was  accurately  determined  by  two  Sumner  lines  observed  at 
llh.  23m.  a.m.  and  Ih.  5m.  p.m.  Greenwich  appai'ent  time,  and 
found  by  their  intersection  to  be  latitude  44°  32',  longitude  5°  43' 
west. 

That  one  trial  was  quite  enough  to  show  that  the  difficulties 
which  had  seemed  to  make  the  idea  of  sounding  by  wire  a  mere 
impracticable  piece  of  theory  have  been  altogether  got  over. 

The  great  merit  of  wire  compared  with  rope  is  the  smalhiess  of  the 
area  and  the  smoothness  of  the  surface  which  the  wire  presents,  in 
contrast  with  the  greatness  of  the  surface  and  its  roughness  when 
rope  with  a  comparable  degree  of  strength  is  used.   The  wire  that  I 
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have  found  suitable  is  pianoforte  wire  of  the  Birmingham  gauge 
No.  22.  It  weighs  about  14^  lbs.  to  one  nautical  mile,  and  bears 
from  230  lbs.  to  240  lbs.  without  breaking.  The  quality  of  wire 
which  I  described  to  the  meeting  of  the  British  Association  at 
Brighton  was  special  wire  made  for  the  purpose  by  Messrs. 
Johnson,  the  celebrated  wire-makers  of  Manchester.  They  suc- 
ceeded in  producing  a  length  of  crucible  steel  wire  of  three  miles 
in  one  piece,  which  certainly  was  a  great  feat  in  the  way  of 
wire-making.  This  wire  was  supplied  by  them  to  me  as  capable 
of  bearing  a  pull  of  about  230  lbs.  I  tested  many  specimens  of 
it,  and  I  found  that  none  of  them  broke  with  a  less  pull  than 
about  220  lbs.,  and  many  of  them  bore  as  much  as  240  lbs.  The 
wire  then  fulfilled  all  that  the  makers  promised,  and  it  had  that 
quality  which  then  seemed  of  paramount  importance — a  great 
length  in  one  piece  of  metal.  The  truth  is,  that  one  of  the  sup- 
posed "impossibilities"  was  safe  splices.  However,  splices  must  be 
made  :  and  in  my  first  trials  I  succeeded  by  making  a  long  twist  of 
two  pieces  of  wire  together,  and  runuing  solder  all  along  the  inter- 
stices. On  testing  this  splice,  I  found  that,  although  it  would  bear 
within  10  lbs.  or  20  lbs.  of  the  full  breaking-weight  of  the  wire, 
yet  in  every  case  the  wire  broke  at  the  splice.  This  was  precisely 
in  accordance  with  theory.  The  sudden  change  of  area  of  section 
between  the  long  cylindrical  wire,  and  the  thickening  produced  by 
the  solder,  is  an  essential  element  of  weakness,  of  a  character  well 
known  to  engineers.  Inevitably,  if  the  wire  is  of  uniform  character, 
it  breaks  close  beside  the  solder.  To  avoid  this  weakening  of 
the  wire,  an  exceedingly  gradual  commencement  of  the  force  l)y 
which  one  piece  of  wire  pulls  the  other  must  be  attained.  The 
obvious  way  of  attaining  this  is  by  a  very  long  splice.  A  splice 
of  two  feet  long  I  have  found  quite  sufficient ;  but  three  feet  may 
be  safer.  The  two  pieces  of  wire  to  be  spliced  are  first  pre- 
pared by  warming  them  slightly  and  melting  on  a  coating  of 
marine  glue  to  promote  surface  friction.  About  three  feet  of  the 
ends  so  prepared  are  laid  together  and  held  between  finger  and 
thumb  at  the  middle  of  the  portions  thus  overlapping.  Then  the 
free  foot  and  a  half  of  wire  on  one  side  is  bent  close  along  the  other 
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in  a  long  spiral,  with  a  lay  of  about  one  turn  per  inch,  and  tho 
same  is  done  for  the  free  foot  and  a-half  on  the  other  side.  Tho 
ends  are  then  served  round  firmly  with  twine,  and  the  splice  is 
complete.  I  have  tested  scores  of  splices  made  in  this  way,  and  in 
no  one  instance,  even  with  splices  only  one  foot  long,  did  the  wire 
break  in  the  splice  or  near  to  it.  It  always  broke  some  distance 
away,  showing  that  the  wire  close  to  the  splice  was  as  strong  as 
other  parts  of  the  wire,  and  of  course  in  the  splice  itself  the  two 
wires  together  give  a  greater  strength  than  exists  anywhere  else. 
In  upwards  of  one  hundred  soundings  on  the  East  and  North 
coasts  of  Brazil,  in  the  Pacific,  and  in  the  Bay  of  Biscay,  in  depths 
of  from  500  to  2,700  fathoms,  partly  with  Johnson's  special  wire, 
and  partly  with  Webster  and  Horsfall's,  there  has  in  no  one 
instance  been  a  failure  of  the  splice.  The  splice  is  made  very 
easily,  and  in  a  few  minutes. 

The  difficulty  with  regard  to  splices  being  altogether  got  over, 
we  are  freer  in  our  choice  of  the  wire  to  be  used.  Mr.  Johnson 
tells  me  that  it  is  impossible  to  produce  in  the  great  lengths  the 
same  quality  of  wire  as  is  habitually  made  by  the  best  makers 
of  pianoforte  wire.  He  said  that,  although  he  could  produce  wire 
of  great  strength,  he  found  it  impossible  to  attain  the  same  temper 
as  that  of  the  pianoforte  wire.  Acting  upon  his  valuable  advice, 
!•  have  now  begun  to  use  pianoforte  wire  of  the  best  quality. 
Wire  of  an  inferior  quality  is  brittle  at  places,  and  breaks  when  it 
kinks.  I  believe  not  a  single  case  of  this  has  happened  with  the 
Wel)8ter  and  Horsfall  pianofoi'te  wire  now  used. 

The  lengths  which  Webster  and  Horsfall  supply  of  this  wire  are 
about  200  yards  But  a  splice  in  every  hundred  fathoms  is  no 
inconvenienc-e  whatever.  Perhaps  it  is  rather  an  advantage  : 
because,  practically,  the  vigilance  required  to  prevent  accident 
through  the  stripping  of  a  splice  by  any  sharp  obstacle  is  apt  to 
flag  dangerously  if  the  passage  of  a  splice  is  a  rare  occurrence. 

The  most  serious  defect  of  the  simple  apparatus  which  I  used  in 
my  first  deep-sea  sounding  in  tho  Bay  of  Biscay  was  the  destructive 
stress  experienced  by  the  wheel  in  hauling  in  the  wire. 

My  first  attempt  to  remedy  this  defect  was  a  failure.     It  con- 
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sisted  in  stopping  the  hauling  every  twenty  turns,  taking  the  strain 
off  the  wire  by  aid  of  a  clamp,  and  easing  it  round  the  wheel.  This 
was  done  in  a  sounding  of  1,200  fathoms,  made  in  Funchal  Bay, 
Madeira,  only  a  few  miles  from  Funchal,  during  the  Hooper  cable 
expedition  to  Brazil  last  summer.  I  found  that  stopping  every 
twenty  turns  did  not  seem  to  be  of  any  use  at  all,  so  I  stopped 
every  ten  turns,  and  even  that  tedious  process  did  not  afford  sufficient 
relief.  That  plan  having  proved  a  failure,  I  then  looked  out  for 
some  other :  and  the  peculiarity  of  the  apparatus  now  before  you 
consists  in  the  way  in  which  the  difficulty  was  overcome.  In  the 
American  Navy  another- mode  of  getting  over  it  has  been  followed: 
the  wheel  has  been  strengthened,  and  a  trigger  apparatus  has  been 
introduced  for  detaching  the  weight  when  it  reaches  the  bottom. 
This  of  course  very  much  lightens  the  pull  in  hauling  in  the  w  ire. 
By  those  means — the  strengthening  of  the  wheel  and  the  lightening 
of  the  pull — the  Americans  got  over  the  difficulty  very  well.  I, 
however,  did  not  consider  it  desirable  to  throw  away  30 lbs.  or  35  lbs. 
of  lead  at  every  sounding,  as  I  believed.  I  could  modify  the  appa- 
ratus so  as  to  make  it  easy  to  bring  up  the  sinker  from  any  deptii 
not  exceeding  3,000  or  3,500  fathoms  in  ordinarily  favourable  cir- 
cumstances ;  and  I  wished  to  reserve  the  expedient  of  detaching  the 
weight  for  greater  depths  or  less  favourable  circumstances.    In 


of  very  gi'eat  depths,  4,000  fathoms  or  more,  it  will  probably  be  m 
desirable  to  use  a  heavier  sinker,  say  100  lbs.,  and  a  trigger  appa*  1 
ratus  for  detaching  it  when  it  reaches  the  bottom.     But  for  depths 
not  exceeding  3,000  fathoms,  I  prefer  generally  a  301b.  or  351b. 
sinker,  witli  no  detaching  apparatus. 

Tlie  way  in  which  I  have  got  over  the  difficulty  of  saving  the 
main  sounding-wheel  from  destruction  or  damage  by  the  pressure 
of  the  wire  coiled  on  it,  under  heavy  pull,  consists  in  the  use  of  an 
auxiliary  hauling-in  pulley,  by  which  the  pull  on  the  wire  is  very 
much  reduced  before  it  is  coiled  on  the  main  sounding- wheel.  As 
in  my  original  process  in  the  Bay  of  Biscay,  during  the  descent  of 
the  sinker  the  wire  runs  direct  down  into  the  sea  from  the  main 
sounding-wheel,  which,  for  that  part  of  the  process,  is  placed  in  an 
overhanging  position  on  cither  side  of  the  ship,  or  over  her  taffrail ; 
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tho  tafFrail,   suppose,  to   avoid   circumlocutions.     To  prepare  for 
hauling-in,  a  spun-yam  stopper,  attached  to  the  lower  framing  of 
the  sounding  machine  projecting  over  the  taffrail,  or  to  the  taflFrail 
itself,  is  applied  to  the  wire  hanging  down  below,  to  hold  the  wire 
up  and  relieve  the  wheel  from  tlie  necessity  of  performing  that 
duty :  or  otherwise,  two  men,  with  thick  leather  gloves,  can  easily 
hold  the  wire  up.*     A  little  of  the  wire  is  then  paid  out  from  the 
wheel ;  the  wheel  with  its  framing  is  run  inboard  about  five  feet  on 
slides  which  carry  its  framing  [see  the  accompanying  drawingsf]  ; 
and  the  slack  wire,  as  shown  in  the  perspective  view,  is  led  over  a 
quarter  circumference  of  the  "  castor  pulley,"  and  three-quarters, 
or  once  and  three-quarters,  round  the  "  auxiliary  pulley."     This 
pulley  overhangs  the  bearings  of  its  own  axle,  so  as  to  allow  the 
loop  or  the  two  loops  of  the  wire  to  be  laid  on  it     Two  handles 
attached  to  the  shaft  of  the  auxiliary  pulley,  worked  by  one  man  on 
each  or  two  men  on  each,  take  from  two-thirds  to  nine-tenths  of 
the  strain  off  the  wire  before  it  reaches  the  main  sounding-wheel, 
on  which  it  is  coiled  by  one  man  or  two  men  working  on  handles 
attached  to  its  shafts 

If  the  ship  is  hove-to  when  the  wire  is  being  hauled  in,  the  wire 
will  generally  stream  to  one  side  (if  out  by  the  stern,  which  is  the 
position  I  now  prefer).  By  having  the  bearing  of  the  stem  pulley, 
an  oblique  fork  turning  round  a  horizontal  axis  (like  the  castor  of 
a  piece  of  furniture  laid  on  its  side),  the  wire  is  hauled  in  with 
ease,  though  streaming  to  either  side,  at  any  angle.  [See  the  draw- 
ings.:^]  Tliis  castor  arrangement  is  a  very  important  addition  to  the 

*  The  spun-yam  stopper  is  to  be  seen  in  the  accompanying  perspective  drawiog, 
shown  as  hanging  ready  for  use. 

f  The  side  elevation  (p.  214)  shows  the  sonnding-wheel  projecting  oyer  the  taffrail 
in  the  position  for  paying  out  the  wire :  and  the  perspcctiye  drawing  (p.  211)  shows 
it  as  run  inboard  in  the  position  for  hauling  up. 

%  In  respect  to  the  arrangement  of  framing  for  bearing  the  castor-axle  of  the 
forked  piece  in  which  the  castor-wheel  or  pulley  runs,  the  side  eleration  (p.  214) 
shows  a  design  of  improvement  on  the  arrangement  represented  in  the  perqiective 
drawing  (p.  211).  The  improvement  consists  merely  in  lengthening  the  castor-axk, 
and  providing  for  it  two  bearings,  instead  of  its  having  only  one,  as  was  the  case  in 
the  machine  shown  at  the  meeting,  and  as  is  exhibited  in  the  perspective  fiomn 
photograph  of  which  tho  annexed  drawing  was  taken. 
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hauling-in  gear.  By  means  of  it  it  is  easy  to  keep  the  wire  on  the 
stern  pulley  when  the  ship  is  rolling  very  heavily.  Even  on  the 
steam-launch  of  the  Hooper^  rolling  sharply  through  great  angles 
off  Funchal  Bay,  a  small  castor-pulley  wliich  I  used  accommodated 
itself  perfectly  to  the  motion,  and  allowed  the  wire  to  be  coiled 
safely  on  the  sounding-wheel,  wliich  would  have  been  scarcely 
possible  without  the  aid  of  some  such  appliance.  The  quickness 
with  which  the  wire  allows  the  sinker  to  descend,  and  the  ease  of 
'getting  it  on  board  again  by  aid  of  the  castor-pulley,  notwithstand- 
ing a  considerable  degree  of  lateral  drifting  of  the  ship,  render  it 
easy  to  take  deep-sea  soundings  of  2,000  or  3,000  fathoms  from  a 
sailing  vessel  hove-to  in  moderate  weather. 

But  it  is  not  necessary  to  keep  the  ship  hove-to  during  the  whole 
time  of  hauling  in  the  wire.  When  the  depth  exceeds  3,000 
fathoms,  it  will,  no  doubt,  be  generally  found  convenient  to  keep 
the  ship  hove-to  until  a  few  hundred  fathoms  of  the  wire  have  been 
brought  on  board.  When  the  length  out  does  not  exceed  2,500 
fathoms,  the  ship  may  be  driven  ahead  slowly,  with  gradually 
increasing  speed.  When  the  length  of  wire  out  does  not  exceed 
1,500  fathoms,  iihe  ship  may  be  safely  driven  ahead  at  five  or  six 
knots.  The  last  500  fathoms  may  be  got  on  board  with  ease  and 
safety  though  the  Bhip  is  going  aliead  at  ten  or  twelve  knots. 
Thus,  by  the  use  of  wire,  a  great  saving  of  time  is  effected  ;  for  in 
the  ordinary  process  the  hemp  rope  must  be  kept  as  nearly  as 
possible  up  and  down,  until  the  whole  length  out  does  not  exceed 
a  few  hundred  fathoms. 

[Sir  William  Thomson  next  proceeded  to  explain  in  detail  and 
to  exhibit  in  action  a  new  sounding-machine  which  had  been  made 
according  to  his  designs  by  Mr.  White  of  Glasgow  for  Messrs. 
Siemens,  to  be  used  on  board  their  cable  ship  Faraday^  and  which, 
through  their  kindness,  was  brought  before  the  Society  this  evening. 
The  machine  is  represented  in  the  present  report*  by  a  side  elevation 
and  a  perspective  drawing  made  from  a  photograph  of  the  appa- 


♦  More  detailed  drawings  are  published  in  the  Proceedings  of  the  Philosophical 
Society  of  Glasgow  for  Session  1873-4. 
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ratiis  itself.  By  study  of  these  drawings,  with  the  aid  of  the  brief 
explanatory  notes  written  upon  them,  together  with  the  explana- 
tions here  following,  as  noted  from  the  lecture,  the  reader  may 
arrive  at  a  good  conception  of  the  nature  of  the  apparatus,  and  of 
the  sounding  process  for  which  it  is  adapted.] 

The  wire  is  coiled  on  a  large  wheel  (of  very  thin  sheet-iron 
galvanised),  which  is  made  as  light  as  possible,  so  that  when  the 
weight  reaches  the  bottom  the  inertia  of  the  wheel  may  not  shoot 
the  wire  out  so  far  as  to  let  it  coil  on  the  bottom.  The  avoidance 
of  such  coiling  of  the  wire  on  the  bottom  is  the  chief  condition 
requisite  to  provide  against  the  possibility  of  kinks ;  and  for  this 
reason  a  short  piece  of  hemp  line,  about  five  fathoms  in  length,  is 
interposed  between  the  wire  and  the  sounding-weight;  so  that, 
although  a  little  of  the  hemp  line  may  coil  on  the  bottom,  the  wire 
may  be  quite  prevented  from  reaching  the  bottom.  A  galvanised 
iron  ring,  of  about  half  a  pound  weight,  is  attached  to  the  lower 
end  of  the  wire,  so  as  to  form  the  coupling  or  junction  between  the 
wire  and  the  hemp  line,  and  to  keep  the  wire  tight  when  the  lead 
is  on  the  bottom  and  the  hemp  line  is  slackened.  The  art  of  deep- 
sea  sounding  is  to  put  such  a  resistance  on  the  wheel  as  shall 
secure  that  the  moment  the  weight  reaches  the  bottom  the  wheel 
will  stop.*  By  "  the  moment"  I  mean  within  one  second  of  time. 
Lightness  of  the  wheel  is  necessary  for  this.  The  circumference 
of  the  wheel  is  a  fathom,  with  a  slight  correction  for  the  increased 
diameter  from  the  quantity  of  wire  on.  Whatever  length  of  wire 
is  estimated  as  necessary  to  reach  the  bottom  is  coiled  on  the 
wheel.  For  a  series  of  deep-sea  soundings,  in  depths  exceeding 
1,000  fathoms,  it  is  convenient  to  keep  a  length  of  3,000  fathoms 
(about  43  lbs.)  coiled  on  the  wheel.  When  we  do  not  get  bottom 
with  3,000  fathoms,  the  process  of  splicing  on  a  new  length  of 
wire  ready  coiled  on  a  second  wheel  is  done  in  a  very  short  time 
— two  minutes  at  most.  The  friction-brake  which  you  see  is 
simpler  in  construction  than  that  shown  to  the  Institution  of 
Engineers  in  Scotland  last  session,  and  sent  out  a  year  ago  to  the 
American  Navy  Department.  The  brake  on  the  sounding-machine 
now  before  you  is  a  return  to  the  simple  form  of  brake  which  I 
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used  ill  June,  1872,  when  I  first  made  a  deep-sea  sounding  with 
pianoforte  wire  in  the  Bay  of  Biscay,  in  2,700  fathoms. 

A  measured  resistance  is  applied  systematically  to  the  wheel, 
always  more  than  enough  to  balance  the  weight  of  the  wire  out 
The   only   failures   in   deep-sea   soundings   with   pianoforte   wire 
hitherto  made  have  been  owing  to  neglect  of  this  essential  condi- 
tion.    The  rule  I  have  adopted  in  practice  is  to  apply  resistance 
always  exceeding  by  10  lbs.  the  weight  of  the  wire  out.     Then, 
the   sinker   being   34 lbs.,   we  have   24 lbs.   weight    left  for  the 
moving  force.     That,  I  have  found,  is  amply  sufficient  to  give 
a  very  rapid  descent — a  descent  so  rapid  that  in  the   course  of 
half  an  hour,   or  fifty  minutes,  the  bottom  will   be   reached  at 
a  depth  of  2,000  or  3,000  fathoms.     The  person  in  charge  watches 
a  counter,  and  for  every  250  fathoms  (that  is,  every  250  turns 
of   the    wheel)    he    adds    such    weight    to    the    brake-cord    as 
shall    add   3  lbs.    to   the   force   with    which   the    sounding-wheel 
resists  the  egress  of  the  wire.     That  makes  12  lbs.  added  to  the 
brake-resistance    for  every  1,000  fathoms  of  wire  run  out     The 
weight  of  1,000  fathoms  of  the  wire  in  the  air  is  1441bs.      In 
water,  therefore,  the  weight  is  about  12  lbs. ;  so  that  if  the  weight 
is   added  at  the   rate   I   have  indicated  the  rule  stated  will  be 
fiilfilled.     So  it  is  arranged  that  when  the  34  lbs.  weight  reaches 
the  bottom,  instead  of  there  being  a  pull,  or  a  moving  force,  of 
24  lbs.   on  the  wire  tending  to  draw  it  through  the  water,  there 
will  suddenly  come  to  be  a  resistance  of  10 lbs.  against  its  motion. 
A  slight  running  on  of  the  wheel — one  turn  at  the  most — and  the 
motion  is  stopped.     The   instantaneous  perception  of  the  bottom, 
even  at  so  great  a  depth  as  4,000   fathoms,  when  this  rule  is 
followed,  is  very  remarkable,  and  has  been  particularly  noticed 
by  Commander  Belknap  in  reports  of  his  soundings  in  the  Pacific, 
presented  to  the  United  States  Navy  Department 

As  to  the  modes  of  accelerating  the  process : — first,  when  there 
are  plenty  of  men  available,  instead  of  handles  I  put  on  each  end  of 
the  shaft  of  the  auxiliary  hauling-in  pulley  a  smaller  pulley  with  a 
sharp  V-groovc.  An  endless  rope  passed  half  round  each  of  tlie^ 
V-pulleys,  and  kept  tight  by  a  snatch-block  suitably  placed  iu-board, 
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allows  any  number  of  men  to  haul,  hand  over  hand,  or  walking 
along  the  deck,  as  may  be  found  most  convenient  Or,  when  there 
is  a  donkey-engine,  it  may  be  employed  on  one  of  the  endless  ropes 
instead  of  a  multitude  of  men  on  the  two.  By  multiplying  the 
speed  of  men,  or  using  a  donkey-engine  in  that  way,  there  is  no 
difficulty  in  hauling-in  the  wire  at  the  rate  of  about  eight  nauti- 
cal miles  an  hour.  Thus  the  last  1,000  fathoms  of  wire,  with 
34  lbs.  sinker  attached,  may  in  any  case  be  easily  and  safely  got  on 
board  in  seven  or  eight  minutes ;  but  a  dozen  men  hauling  together 
might  be  required  for  this  speed.  When  greater  lengths  of  wire  are 
out,  slower  speeds  of  hauling  are  required  for  safety.  With  3,000 
fathoms  of  wire  out,  probably  an  average  speed  of  four  miles  per 
hour  (or  400  feet  per  minute)  would  not  give  more  than  from  100 
to  120  lbs.  whole  pull  on  the  in-coming  part  of  the  wire  (or  from 
30  to  50  lbs.  resistance  of  the  water,  added  to  34  lbs.  weight  of 
sinker  and  36  lbs.  weight  in  water  of  the  wire) ;  and  would,  there- 
fore, be  a  safe  enough  speed.  Of  course,  if  there  is  a  heavy 
sea,  augmenting  considerably  the  maximum  stress  above  the  mean 
stress,  then  slower  hauling  must  be  practised.  An  arrangement  by 
Professor  Jenkin  can  very  readily  be  applied,  by  which  the  men 
or  engine  can  haul-in  as  fast  as  they  please,  and  be  unable  to  put 

more  than  a  certain  force  on  the  wire.     Thus  will  be  realised  in 

« 

speed  the  benefit  of  abundance  of  power.  The  wire  will  come  in 
fast  when  the  strain  is  easy,  and  not  come  in  at  all  when  the  ship 
is  rising  and  producing  such  a  pull  on  the  wire  as  might  break  it 
if  being  hauled  in  at  the  moment 

The  advantages  of  the  pianoforte-wire  method  are  very  obvious. 
You  see  the  simplicity  of  the  apparatiLs,  and  the  comparative 
inexpensiveness  of  it ;  no  donkey-engine  required,  no  three  or 
four  hundred  pounds  of  iron  cast  away  every  time,  as  in  the 
ordinary  method  of  deep-sea  soundings:  and  withal  there  is  a 
very  much  surer  somiding  than  the  ordinary  process  can  give 
at  the  same  depths.  The  apparatus  at  present  in  use  in  our 
navy,  which  is  better  than  that  of  any  other  navy  in  the  world 
at  this  moment,  except  the  American,  is,  as  I  know  by  actual 
experience  of  it,   more  difficult   and    tedious,   and   less  sure  at 
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500  fathoms,  than  souuding  by  the  pianoforte  wire  at  2,000 
fathoms.  And  lastly,  there  is  the  possibility  of  effecting  a  sound- 
ing in  cases  in  which,  as  in  the  case  of  the  Cliallenger  in  the  Gulf 
Stream,  the  most  matured  previous  process  fails  altogether.  I 
think  it  highly  desirable  that  the  new  method  should  be  taken  up 
by  oui'  own  Admiralty.  But  innovation  is  very  distasteful  to  sailors. 
I  have  a  semi-official  letter  to  the  effect — "  When  you  have  your 
apparatus  perfected  we  may  be  willing  to  try  it."  I  may  say  tliat 
it  seems  a  little  strange  that  after  my  having  intimated,  in  the 
month  of  July  1872,  the  perfect  success  of  pianoforte  wire  for 
sounding  in  depths  of  2,700  fathoms,  the  Challenger  was  allowed 
to  go  to  sea  without  taking  advantage  of  this  process,  and  that  a 
year  and  a  half  later  I  should  be  told — "  When  you  have 
perfected  your  instrument  we  may  give  it  a  trial."  The 
American  Navy  department  looked  upon  the  matter  with 
different  eyes,  and  certainly  treated  my  proposal  in  a  very 
different  spirit.  They  found  my  apparatus  full  of  defects.  They 
never  asked  me  to  perfect  it,  but  they  perfected  it  in  their.own  way, 
and  obtained  excellent  results.  I  went  on  independently  in  another 
line,  and  made  a  considerably  different  apparatus  from  that  which  is 
now  being  used  by  the  Americans ;  but  I  certainly  was  very  much 
struck  by  the  great  zeal  and  the  great  ability  which  the  American 
naval  officers  showed  in  taking  up  a  thing  of  this  description,  which 
had  merely  been  proved  to  be  good,  and  charged  themselves  with 
improving  the  details  and  making  it  a  workable  process. 

K I  may  be  allowed  two  or  three  minutes  longer,  I  will  describe 
the  method  of  making  flying  soundings  with  wire.  In  the  first 
Hooper  expedition,  to  lay  the  first  section  of  the  Western  and 
Brazilian  Company's  cable  from  Pernambuco  to  Para,  the  Brazih'an 
Government  sent  the  gun-boat  "  Paraense  "  with  us  to  take  sound- 
ings, but  the  coal  would  not  carry  her  the  whole  way,  and  over  the 
remainder  of  it  we  were  left  to  our  own  resources  for  soundings. 
Wire  soundings  had  been  taken  over  the  route  previously  by  Mr. 
Galloway,  in  a  steamer  chartered  for  the  purpose  by  the  Western 
and  Brazilian  Telegraph  Company,  and  again  in  the  Paraense^ 
so  as  to  give  a  general  idea  of  the  lino  to  be  taken  for  tlie  cable ;  bnt 
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still  it  was  very  important  that  soundings  should  be  taken  during 
tho  actual  laying.  Accordingly,  Captain  Edington  arranged  that 
my  sounding-wheel  should  be  set  up  over  the  stern  of  the  Hooper j 
and  soundings  were  taken  every  two  hours  without  stopping 
the  ship.  A  30  lbs.  weight  was  hung  by  a  couple  of  fathoms 
of  cord  from  the  ring  at  the  end  of  the  wire.  Then  the  wheel 
was  simply  let  go,  with  a  resistance  of  about  6  lbs.  on  its  cir- 
cumference, the  ship  running  at  the  rate  of  4^  knots,  relatively 
to  the  surface-water  (or  at  6  knots  relatively  to  the  bottom) ;  and 
after,  perhaps,  150  fathoms  had  run  out — in  some  cases  175  fathoms 
— ^suddenly  the  wheel  would  almost  stop  revolving.  In  half  a  "turn 
it  was  obvious  that  there  was  this  sudden  difference,  which  showed 
that  the  sinker  had  reached  the  bottom.  The  moment  the  differ- 
ence was  perceived,  the  man  standing  by  laid  hold  of  the  rim 
of  the  wheel  and  stopped  it.  Thus  we  achieved  flying-sound- 
ings in  depths  of  150  fathoms,  with  the  ship  going  through  the 
water  at  the  rate  of  4^  knots,  and  obtained  information  of  the 
greatest  possible  value  with  reference  to  the  depth  of  the  water 
and  the  course  to  be  followed  by  the  cable.  I  think  this  is  of  such 
great  importance  that  I  never  would  like  to  go  to  lay  a  cable 
without  an  apparatus  for  flying  soundings.  The  warning  that  this 
practice  gives  of  shallow  water,  or  of  too  great  a  depth  of  water,  has 
a  value  which'the  members  of  the  Society  of  Telegraph  Engineers 
will  readily  appreciate.  It  will  also,  no  doubt,  be  found  useful  in 
ordinary  navigation. 

Ther^  is  one  interesting  topic  to  which  I  may  refer,  in  con- 
chision,  and  that  is  the  sound  continually  produced  by  the  wire. 
All  the  time  we  are  employing  pianoforte  wire  in  this  way 
wo  have  "sounding"  in  a  double  sense.  During  the  whole 
process  of  sounding  we  are  continually  reminded  of  the  original 
purpose  of  the  wire  by  the  sounds  it  gives  out.  A  person  of  a 
musical  ear  can  tell  within  a  few  pounds  what  pull  is  on  the  wire 
by  the  note  it  sounds  in  the  length  between  the  castor-pulley  at  the 
stern  and  the  haul-in  drum  which  is  about  five  feet  in-board  of  it. 

Mr.  Froude  said  that  he  had  tho  pleasure  of  seeing  the  first 
specimen  of  sounding-wire  which  Sir  William  Thomson  had  made 
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was  Dj^ed.     He  forgot  whether  at  that  time  Sir  William 
had  liit  upon  his  extremely  ingenious  and  nice  mode  of 
le  strain  off  the  wheel ;  but  one  could  see  at  once  that  it 
ictlx  easy  and  must  succeed.   The  idea  of  making  a  strong 
1  the  wire  by  a  long  succession  of  weak  festenings  seemed 
structive  mode  of  getting  over  a  serious  difficulty.     He 
the  beginning  that  the  points  might  be  put  together  by 
at  it  was  obvious  to  him  that  the  stiffening  of  the  wire  by 
T  must  have  a  bad  effect.     He  thought  that  it  was  much 
gretted  that  the  Admiralty  did  not  at  once  take  up  Sir 
Thomson's  process.      They  were  much  more  disposed  to 
such  things  than  they  used  to  be;    and  he  was  rather 
I,  knowing  how  high  Sir  William  Thomson's  authority 
it  tliey  should  have  any  hesitation  in  taking  up  the  process. 
Froude)  wished  to  ask  how  the  difficulty  of  corrosion  by 
T  was  ultimately  overcome.     The  use  of  oil  had  been  under 
n. 

'iLLiAM  Thomson  said  that  there  were  two  methods  of 
I  against  rust  The  Americans  used  oil  —  submerging 
2)1  in  oil  when  it  was  out  of  use.  Commander  Belknap 
arried  out  the  process  of  wire-sounding  with  remarkable 
he  (Sir  William)  supposed  that  the  Americans  were 
with  the  preserving  power  of  the  oil  thus  used.  On  board 
per  the  deep-sea  sounding-wire  was  preserved  by  caustic 
m  out  of  use.  That  substance,  when  bought  wholesale,  was 
ensive  that  the  cost  of  that  mode  of  keeping  the  wire  from 
1  was  not  wortli  speaking  of.  There  was,  however,  a  good 
rouble  connected  with  it ;  but  it  must  be  remembered  that 
ible  would  not  be  much  regarded  on  board  a  ship  appointed 
y  for  making  soundings.  The  preserving  effect  of  alkali 
lel  was  well  known  to  chemists.  It  seemed  to  be  due  to 
li  neutralizing  the  carbonic  acid  in  water,  for  the  presence 
nic  acid  in  water  was  the  great  cause  of  iron  being  cor- 
The  fact  was  well  established  that  iron  would  remain  per- 
'ight  in  sea-water  rendered  alkaline  by  a  little  quick-lime, 
soda  was  a  more  sure  material,  because  with  it  we  could 
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make  more  certain  that  the  water  was  really  alkaline.  He  was 
told  by  a  very  excellent  authority,  Mr.  James  Young,  that,  whether 
caustic  soda  or  quick-lime  was  used,  all  that  was  necessary,  in 
order  to  make  sure  that  the  pickle  would  be  a  tliorough  preserver 
of  the  wire,  was,  that  it  should  be  found  to  be  alkaline  wben  tested 
with  the  ordinary  litmus  test-paper.  The  American  experience 
was,  that,  although  the  caustic  soda  preserved  the  wire,  it  ate 
away  the  solder,  and  on  that  account  they  preferred  to  use  oil. 

Mr.  Matthew  Gray  :  I  do  not  know  that  I  can  add  to  the 
information  which  Sir  William  Thomson  has  given;  but  about 
sixteen  montlis  ago  I  laid  a  cable  across  the  Gulf  of  Lyons, 
and,  having  heard  what  had  been  done  by  Sir  William  Thomson,  I 
had  an  apparatus  made  very  much  like  this.  In  going  to  sea  witli 
it  we  found  no  difficulty  in  taking  soundings  in  1,300  fathoms.  I 
was,  however,  not  so  fortunate  as  Sir  William  was  in  getting  good 
wire  of  sufficient  strength  to  pull  up  the  weight,  and  the  wire  was 
broken  three  or  four  times.  At  last  we  constructed  a  weight  which 
got  left  at  the  bottom  when  it  touched  the  bottom,  and  with  that 
we  were  pretty  successful.  We  used  oil  for  keeping  the  wire  from 
rusting.  The  oil  was  kept  in  a  trough,  and  a  flat  india-rubber 
bearing  rubbed  against  the  wire  to  rub  off  the  superfluous  oil  and 
keep  it  from  flying  over  the  deck.  That  seemed  to  answer  the 
purpose  very  well.  I  may  mention  that  I  also  had  an  apparatus 
with  a  view  to  picking  up  a  larger  portion  of  the  bottom  than  is 
usually  done.  It  was  shaped  something  like  a  sugar-tongs,  but  the 
jaws  were  not  fitted  with  sufficient  accuracy,  and  the  water  washed 
out  the  material  which  the  tongs  took  up.  I  have  no  doubt  that  in 
all  cable-laying  in  the  fixture  much  will  be  done  with  tlie  apparatus 
which  Sir  William  Thomson  has  constructed. 

Captain  Hull,  R.N. :  From  the  way  in  which  Sir  William  Thomson 
has  explained  this  process,  if  I  were  sent  out  to  make  deep-sea 
soundings  I  should  apply  to  have  my  ship  fitted  with  this  apparatus. 
There  are  many  things  pointed  out  to-night  which  I  should  like  to 
try  for  myself,  because  it  is  difierent  on  the  table  here  to  what  it 
would  be  on  the  deck  of  a  ship.  I  think  some  modification  might 
be  made  in  the  mode  of  taking  flying  soundings  by  the  use  of  an 
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oldfasliioned  implement  used  by  sailors,  which  consists  of  a  pulley 
connected  with  a  little  canvass  bag,  which  in  the  case  of  the 
Hooper  would  indicate  when  the  bottom  was  reached  by  bobbing 
up  and  down  in  the  way  that  a  float  does  in  ordinary  angling. 
I  would  repeat,  if  I  were  required  to  make  deep-sea  soundings, 
I  should  apply  to  be  provided  with  Sir  William  Tliomson's 
apparatus. 

Mr.  Matthew  Gray  :  May  I  ask  Sir  William  Thomson  to  be 
good  enough  to  explain  how  it  happened  that  the  pulley  was  so 
much  injured  by  the  weight  of  the  wire  ?  Probably  my  pulley 
might  have  been  somewhat  stronger  than  his.  I  should  be  glad 
to  know  whether  Sir  William  brought  anything  up  from  the 
bottom^  and  how  he  did  it? 

Mr.  Latimer  Clark:  In  what  way  is  the  friction  strain  on 
the  wheel  regulated  and  adjusted  ?  I  should  also  be  glad  to  hear 
whether  in  the  flying  soundings  the  sinker  is  recovered  ? 

Professor  C.  Maxwell  asked  whether  cross-filing  of  the  wires 
at  a  splice  for  increasing  the  grip  did  so  much  harm  by  weakening 
the  wires  as  to  counterbalance  the  advantage  of  the  increased  hold  ? 

Sir  W.  Thomson  in  reply  to  the  questions  that  had  been  put 
said :  With  reference  to  the  question  that  has  just  been  put  by 
Professor  Clerk  Maxwell,  I  should  say  that  cross-filing  to  prevent 
slipping  would  injure  a  wire  by  diminishing  its  strength,  more  than 
would  compensate  for  the  advantage  in  increasing  the  friction ;  and 
marine  glue  is  found  to  answer  so  well,  that  I  do  not  think  any 
process  of  roughening  the  wire  is  necessary.  I  have  been  asked 
to  explain  how  tlie  resistance  is  applied  on  Uiis  apparatus.  I  will 
state  in  the  first  place  that  this  form  of  brake  was  patented  by  me 
in  1858,  and  I  have  used  it  myself  ever  since. 

Demonstrating  the  use  of  the  brake,  Sir  W.  Thomson  re- 
mai'ked :  The  rate  of  change  of  pull  in  the  cord  per  radian^  round 
the  wheel  is  equal  to  the  amount  of  the  pull  at  any  point,  multi- 
plied by  the  coefficient  of  friction.    The  whole  tangential  resistance 

♦  '<  Radian  "  is  a  most  valuable  word,  introduced  by  Professor  James  Thomson  to 
denote  the  angle  whose  arc  is  equal  to  radius.  It  is  the  hitherto  nameless  "  nmt 
angle  '*  of  the  Cambridge  and  other  mathematical  books. 
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which  the  cord  applies  to  the  circumference  of  the  wheel  is  equal 
to  the  excess  of  pull  at  one  end  above  that  at  the  other  end  of  the 
cord.  I  have  been  asked  by  Mr.  Latimer  Clark  whether  I  recover 
the  sinker  in  flying  soundings.  Always ;  I  never  lose  a  pound  of 
lead  if  I  can  help  it  In  the  use  of  the  "  deep-sea  lead  "  of  ordi- 
nary navigation,  six  men  have  a  heavy  haul  to  bring  up  a  lead  in 
soundings  of  50  or  60  fathoms,  if  the  ship  is  under  way ;  but  by 
the  wire  process  a  cabin-boy  can  bring  a  34  lbs.  sinker  with  ease 
from  a  depth  of  150  fathoms,  the  ship  all  the  time  going  on  her 
course,  at  from  four  or  five  knots  (to  which  the  speed  may  have 
been  reduced  for  a  couple  of  minutes  for  the  sounding)  up  to  full 
speed. 

An  important  merit  of  wire  for  deep-sea  sounding  is  the  setting 
of  the  ship  in  motion  again,  which  it  permits  almost  as  soon  as  the 
bottom  is  reached.  Suppose  the  depth  found  3,000  fathoms,  by 
the  time  you  have  got  about  500  fathoms  of  wire  in^  you  steam 
slightly  ahead;  when  1,500  fathoms  are  in,  you  may  steam  at 
five  or  six  knots  without  injuiy ;  and  by  the  time  you  have 
only  about  1,000  fathoms  out  you  may  steam  at  10  knots;  and, 
if  the  speed  of  the  ship  is  equal  to  it,  you  may  steam  at  12  knots 
with  700  or  800  fathoms  of  line  out.  In  fact,  the  time  spent  in 
deep-sea  soundings  will  be  reduced  to  a  small  fraction  of  what 
it  is  by  the  process  of  our  own  Admiralty.  Mr.  Siemens  has 
asked,  how  quickly  a  sounding  of  2,000  fathoms  can  be  made. 
The  wire,  with  34  lbs.  sinker,  would  take  not  more  than  30  minutes 
to  run  out;  but  if,  for  a  tour  deforce^  you  wished  to  do  it  quicker 
thau  that,  I  should  use  a  much  greater  weight,  say  150 lbs.,  with 
detaching  trigger.  Supposing,  however,  the  34  lbs.  sinker  to  be  used, 
with  the  multiplying  speed  on  the  pulleys,  and  twelve  or  fourteen 
men  hauling  on  the  endless  rope,  it  might  be  hauled  from  a  depth 
of  two  miles  in  about  15  minutes.  Thus  the  whole  process,  with 
the  recovery  of  the  sinker,  would  be  performed  in  45  minutes. 
The  process  without  recovery  of  the  150  lbs.  sinker  may  bo  made 
with  only  about  twenty  minutes'  detention  when  the  object  is  to 
make  a  sounding  with  the  least  possible  detention,  and,  tlierefore,  the 
ship  is  allowed  to  go  on  her  course  at  fair  speed  during  the  time  of 


224  ON  DEEP-SEA  SOUNDING  [22nd  April, 

hauling-iii  the  line,  with  tube  and  specimen  of  bottom.  A  sounding 
of  1,000  or  1,500  fathoms,  with  recovery  of  the  34  lbs.  sinker, 
may  be  executed  with  only  the  detention  of  stopping  the  ship, 
keeping  her  stopped  for  a  quarter  of  an  hour  or  twenty  minutes 
while  the  lead  is  going  down,  and  then  going  a-head  ftdl  speed 
as  soon  as  it  has  struck  the  bottom. 

A  question  has  been  asked,  with  reference  to  flying  soundings, 
as  to  the  allowance  to  be  made  for  the  non-verticality  of  the  wire. 
I  have  indicated  that  these  are  only  approximate  soundings,  but 
they  are  sufficiently  near  for  many  practical  purposes,  and  a  little 
experience  gives  data  for  making  allowances  with  considerable 
accuracy.  [This  was  demonstrated  by  a  diagram  on  the  board.*] 
With  the  aid  of  a  little  experience  of  what  the  wire  really  does  in 
moving  through  the  water  in  flying  soundings,  you  may  obtain 
very  close  results.  In  the  Hooper^  I  believe,  the  flying  sound- 
ings in  from  170  to  40  fathoms  were  ascertained  within  from 
10  per  cent,  to  3  per  cent,  of  the  actual  depth. 

I  hope  my  friend  Mr.  Froude  may  be  induced  to  take  up  the 
subject  of  the  resistance  of  the  water  against  steel  wire.  He 
has  apparatus  at  Torquay  by  which  he  measures  the  resistances 
experienced,  by  models  of  ships,  which  I  think  might  also  be  applied 
to  the  measuring  of  resistances  experienced  by  wire,  and  from  that 
some  valuable  results  might  be  obtained.  I  have  found  the  resistance 
in  towing,  at  seven  or  eight  knots,  1,500  fathoms  of  pianoforte 
wire,  with  ring,  short  hemp  line,  and  30  lbs.  sinker  at  the  end,  is 
quite  manageable. 

In  reply  to  Mr.  Gray,  I  may  state  that  we  brought  up  speci- 
mens of  the  material  of  the  bottom  by  means  of  a  tube  fitted  simply 
with  a  common  door-hinge  valve.  The  tube  came  up  full  of 
mud  where  the  material  was  soft.  There  are  a  great  many  dif- 
ferent plans  of  doing  this,  but  we  found  no  difficulty  in  getting 
specimens  of  the  bottom  with  this  tube  and  simple  valve. 

Sir  Wm.  Thomson  having  completed  his  explanation  and  re- 
sumed the  Chair, 

♦  This  demonstration  is  given  in  a  note  on  "  Flying  Sonndings  "  i^ipended  to 
the  present  Report.      , 
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Mr.  C.  W.  Siemens  said :  I  may  be  allowed  to  make  one  or  two 
observations  upon  this  interesting  communication  which  Sir  W. 
Thomson  has  made  to  us;  and  I  would  say,  like  many  other 
mechanical  arrangements  which  have  been  brought  before  us,  this 
is  not  absolutely  new,  and  I  am  not  surprised  to  hear  that  attempts 
Ijave  been  made  to  sound  by  wire  instead  of  hemp-line.  But  the 
merit  of  the  present  apparatus,  as  well  as  of  any  other  well-devised 
mechanical  arrangement,  consists  of  the  appliances  to  make  the 
result  a  perfect  one,  and  in  that  respect  I  think  the  apparatus 
described  this  evening  commends  itself  without  any  words  from 
me.  There  are  many  difficulties  which  present  themselves  at  first 
sight  against  the  use  of  wire  for  soundings,  but  these  have  been 
met  in  the  most  perfect  and  ingenious  manner.  First  of  all,  to  get 
wire  of  such  uniform  strength  as  to  reach  to  a  depth  of  three  miles 
required  very  considerable  attention.  Nevertheless  pianoforte  wire 
oftei's  extraordinary  strengh  and  toughness,  and  is,  undoubtedly, 
the  right  material ;  but  how  to  join  these  wires  in  such  a  manner  as 
to  be  reliable  was  a  matter  of  great  consideration,  and  that  difficulty 
has  been  met  in  the  most  perfect  manner.  Then  the  mode  of  check- 
ing the  motipn  of  the  drum  by  a  single  rope,  although  in  itself  in- 
volving only  a  Prony-brake,  is  a  very  ingenious  mode  of  adapting  a 
means  to  a  particular  end,  and  this  is  brought  in  usefully  for  telling 
in  the  most  absolute  manner  when  the  weight  strikes  the  bottom. 
As  Sir  W.  Thomson  says,  attaching  tlie  weight  itself  to  a  piece  of 
line,  and  adjusting  the  friction  in  such  a  manner  as  that  the  motion 
of  the  machine  is  stopped  the  moment  the  lead  reaches  the  bottom, 
is  another  stage  in  the  perfection  of  this  method  of  sounding. 
There  are  other  points  of  great  ingenuity  in  the  apparatus  now 
before  us.  With  regard  to  the  practical  value  of  taking  deep-sea 
soundings  by  wire  I  have  no  doubt.  I  have  myself  made  deep-sea 
soundings,  and  I  know  that  in  depths  of  2,400  or  2,700  fathoms  it 
occupied  from  four  to  five  hours,  and  it  was  a  difficult  matter 
sometimes  to  keep  the  ship  over  the  line.  The  lateral  friction  of 
the  line  in  the  water  was  so  great  that  the  lead  did  not  pull,  and 
therefore  the  ship  had  to  be  kept  over  the  Hne.  Instead  of  occu- 
pying five  hours  this  apparatus  completes  a  deep-sea  sounding  in 
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about  35  or  40  minutes,  and  that  is  a  matter  really  of  the  highest 
importance,  especially  in  making  soundings  for  submarine  cables, 
where  time  is  a  great  object  Flying  soundings  are  matters  of 
great  interest.  I  did  not  quite  follow  Sir  W.  Thomson's  illustra- 
tion. He  shows  that  the  lead  touches  the  ground  at  a  distance  at 
least  equal  to  the  depth.  I  should  have  thought  the  point  where  it 
struck  the  bottom  would  be  a  distance  from  the  stem  of  the  ship 
not  exceeding  one-fourth  part  of  the  depth  of  the  water,  and  the 
result  would  be  that  this  [pointing  on  board]  would  be  10  or  even 
50  per  cent,  longer  than  the  vertical  line.  In  this  respect  I  think 
Sir  William  demonstrates  against  himself;  but  if  we  can  lay  down 
any  certain  rule  this  apparatus  is  a  great  achievement 

I  have  sent  the  wire-sounding  apparatus  out  with  every  ship  I 
have  had  lately  to  fit  for  sea ;  and  i  am  quite  sure  the  Meeting  will 
accord  a  hearty  vote  of  thanks  to  Sir  William  Thomson  for  his 
valuable  communication. 

Sir  Wm.  Thomson  said,  as  to  where  the  lead  struck  the  bottom 
was  of  importance,  and  he  gave  an  extreme  statement  against  his 
own  case.  [Sir  Wm.  Thomson  further  illustrated  this  point  by 
diagrams  on  the  board,  and  promised  to  append  to  the  report  of 
this  evening's  proceedings  a  short  demonstration,  with  diagram, 
illustrative  of  flying  soundings.]  In  conclusion,  he  said  the  thanks 
of  the  Meeting  were  due  to  Mr.  Siemens  for  having  afforded  him 
this  evening  the  opportunity  of  exhibiting  and  explaining  the  appa- 
ratus, which  was  constructed  for  the  cable-ship  Faraday ^  and  which 
was  shortly  to  start  on  a  submarine  cable  expedition. 


APPENDIX  ON  FLYING  SOUNDINGS. 

Approximate  soundings  of  great  use,  both  in  cable-laying  and  in 
ordinary  navigation,  may  be  obtained  in  depths  of  200  fathoms,  or 
less,  with  remarkable  ease,  without  reducing  the  speed  of  the  ship 
below  five  or  six  knots,  even  when  the  wire  is  being  paid  out  For 
this  purpose  let  the  weight  fall  direct  from  the  wirewheel  over  the 
tattrail,  with  a  brake-resistance  of  from  five  to  ten  pounds.     The 
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moment  of  its  reaching  the  bottom  is  indicated  by  a  sudden  decrease 
in  the  speed  of  rotation  of  the  wheel.  The  moment  this  is  observed, 
a  man.  standing  at  the  wheel  grasps  it  with  his  two  Iiands,  and  stops 
it.  Not  more  than  three  or  fom*  hundred  fathoms  of  wire  having 
run  out,  the  hauling-in  is  easy.  In  following  this  process  I  have 
generally  found  it  convenient  to  arm  the  lead  with  a  proper  mixture 
of  tallow  and  wax,  in  the  usual  manner,  to  bring  up  specimens 
from  the  bottom.  The  actual  depth  is,  of  course,  less  than  the 
length  of  wire  run  out.  The  diflPerence,  to  be  subtracted  from  the 
length  of  wire  out  to  find  the  true  depth,  may  be  generally  esti- 
mated with  considerable  accuracy  after  some  experience.  The 
estimation  of  it  is  assisted  by  considering  that  the  true  depth  is 
always,  as  we  see  from  ihe  annexed  diagram,  greater  than  I  —  a 

and  less  than    y/P—cf^  where  /  denotes  the  length  of  wire  out, 
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Flyino  Soundings. 


and  a  the  space  travelled  by  the  ship,  diminished  by  the  space 
travelled  horizontally  by  the  sinker  during  the  time  of  its  going  to 
the  bottom. 

The  contrast  between  the  ease  with  which  the  wire  and  sinker 
are  got  on  board  from  a  depth  of  200  fatlioms  by  a  single  man,  or 
by  two  men,  in  this  process,  and  the  labour  of  hauling-in  the  ordi- 
nary deep-sea  lead  and  line  by  four  or  five  men,  when  soundings 
are  taken  in  the  ordinary  way  from  a  ship  going  through  the  water 
at  four  or  five  knots  in  depths  of  from  30  to  60  fathoms,  is  re- 
markable. Professor  Jenkin  and  I  found  this  process  of  great 
value  on  board  the  Hooper  during  the  laying  of  the  Western 
and  Brazilian  Telegraph  Company's  cables  between  Para,  Pernam- 
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buco,  Baliia,  and  Kio  Janeiro.  I  am  now  having  constructed,  £ 
the  purposes  of  navigation,  a  small  wire  wheel  of  12  inches  di 
meter,  to  have  400  fathoms  of  pianoforte  wire  coiled  on  it,  I 
flying  soundings  in  depths  of  from  5  to  200  fathoms,  without  sl 
reduction  of  the  speed  of  the  ship,  or,  at  all  events,  without  3 
ducing  it  below  five  or  six  knots. — W,  T. 


The  following  Candidates  were  balloted  for  and  declared  dul; 
elected : — 

John  R  Brittle  .        .         .3,  Great  George  Street. 

Oliver  Heaviside        .         .         .     Newcastle-on-Tyne. 
G.  Richardson  .        .         .     Calcutta. 

The  Meeting  then  adjourned. 
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7'ontj-seventh  Ordinar}'-  Meeting  was  held  on  Wednesday, 
J  13th  May,  1874,  Mr.  Latimer  Clark,  Vice-President, 
the  Chair. 


aed  Discussion  on  Mr.  Langdon's  Paper  "  On  the  Decay 
AND  Preservation  of  Telegraph  Poles." 


Langdon  :  I  am  anxious  to  have  the  opportunity  of  saying 
pfords  supplemental  to  the  paper  which  I  have  had  the 
of  submitting  to  the  Society,  in  order  to  lay  before  you 
dditional  specimens  of  telegraph  poles,  showing  their  con- 
ifter  having  been  in  use  for  several  years.  Through  the 
s  of  Mr.  Culley  I  am  able  to  place  before  you  specimens 
)oles  referred  to  in  the  paper  as  partially  creosoted — that  is, 
xl  at  the  butt  end  only.  They  are  fair  specimens  of  the 
f  after  some  eight  homes'  steeping.  By  the  kindness  of  Mr. 
>ne,  the  Telegraph  Superintendent  of  the  London  and  South 
n  Railway,  I  am  also  able  to  produce  one  of  the  poles 
of  as  having  been  in  existence  some  twenty-five  or  twenty- 
rs  on  the  Fareham  and  Portsmouth  branch  of  that  Railway, 
ippearance  it  is  now  in  as  sound  a  condition  as  when  first 
.  The  portion  which  I  submit  to  your  notice  is  cut  so  as  to 
about  two  feet  of  that  portion  whi  ch  when  the  pole  was  in 
was  beneath  the  soil,  and  two  feet  above  the  same.  This 
IS  removed  last  month,  and  has  been  brought  h^re  as  a 
>n  of  the  durability  of  creosoted  timber  used  for  this  purpose, 
lant  Ramsey  has  also  furnished  me  with  a  specimen  of  a 
'ised  pole  planted  three  years  ago,  which  broke  ofi*  short  at 
und  line,  thus  supporting  one  of  the  theories  advanced  in 
>er  to  the  effect  that  all  these  preparations  tend  to  destroy 
»at  measure  the  flexibility  of  timber. 

e  course  of  the  short  discussion  that  followed  the  reading 
paper   Mr.   Latimer   Clark  asked  whether  any  one  had 
III.  Q 
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ever  heard  of  a  case  of  decay  in  creosoted  timber.     That  induced 
me  to  write  to  several  gentlemen  connected  with  the  profession  to 
ask  them  whether  such  an  instance  had  ever  come  under  their 
notice ;  amongst  others,   Mr.  Newman  of  the  London  and  North 
Western  Railway;  Mr.  Warwick  of  the  Midland,  who  has  thirteen 
years'  experience  of  creosoted  poles ;  Mr.  Cripps  of  the  Brighton 
Railway,  six   or   seven  years;  Mr.   Haynes  of  the   Bristol  and 
Exeter  Railway,  eleven  years ;  and  Mr.  Sach  of  the  Great  Eastern 
Railway,  who  has  fifteen  years'  experience.     These  all  agree  that 
creosote  is  the  best  preservative  they  have  had  under  their  obserra- 
tion,  and  none  of  them  have  any  knowledge  of  a  decayed  creosoted 
pole.     Mr.  Webber,  of  the  South  Devon  and  Cornwall  Railways, 
however,  has  forwarded  some  specimens  of  what  he  calls  creosoted 
timber,   which   is  in  a  state  of  great  decay  (specimens  shown). 
Perhaps  it  will  be  as  well  to  read  that  portion  of  Mr.  Webber's 
letter  which  has  reference  to  that  specimen  : — 
"  Dear  Sir, — 

*^  In  reply  to  your  letter  of  the  27th  inst.  I  have  not  had 
sufficient  experience  to  give  an  opinion  on  the  durability  of  creosoted 
telegraph  poles.  The  prepared  poles  on  the  South  Devon  and 
Cornwall  Railways  are  boucherised  and  kyanized.  We  had  no 
creosoted  telegraph  poles  until  those  recently  introduced  by  the 
Post  Office. 

*^  Yesterday  I  sent  you  a  piece  of  creosoted  timber  1  took  from  a 
bridge  imder  repair,  about  one  mile  east  of  Totnes.  It  had  been 
in  use  about  seven  or  eight  years.  It  was  in  graveUy  soil,  and 
water  coidd  drain  through  the  bridge  under  the  Railway.  There 
wore  other  pieces  in  the  same  condition,  the  timber  being  of  small 
dimensions.  The  creosote  must  have  penetrated  well  into  the 
wood,  you  can  see,  by  its  colour." 

Tliat  led  to  an  inquiry  as  to  the  position  occupied  by  these  pieoea 
of  wood,  and  this  is  the  reply  I  received : — 

**  I  am  unable  to  say  how  far  the  decay  extended  in  the  p•^ 
ticular  piece  of  wood  I  sent  yew,  as  it  was  lying  with  other  pieces 
taken  from  the  bridge,  some  of  which  were  decayed  for  two  or 
tliree  feeU" 
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I  am  indebted  to  Mr.  W.  W.  Bateman  for  calling  my  attention 
;o  an  error  which  I  find  has  crept  into  the  paper.  On  page  13 
lie  material  employed  in  the  Bumetizing  process  is  stated  to  bo 
sulphate  of  zinc :  it  should  be  chloride  of  zinc  Mr.  Samiders 
»I1b  my  attention  to  a  statement  in  the  paper  with  reference  to 
ron-socketed  poles,  and  writes: — 

'^  At  page  12,  I  observe  that  a  statement  has  been  made  to  the 
jffect  that  thcpoles  which  had  been  placed  in  screw  iron  sockets 
)etween  Tatton  and  Worle  Stations  had  stood  for  twenty  years 
vrithont  renewal.  This  line  was,  as  you  are  aware,  for  nearly  the 
v^hole  period  stated  under  my  charge  as  engineer  and  superin- 
tendent, and  during  that  time  a  large  proportion  of  these  poles 
certainly  were  renewed,  and  I  much  question  if  any  of  the  original 
poles  were  standing  when  Mr.  Haynes  made  his  report.  Doubt- 
'c88  poles  placed  in  these  sockets  stand  exceedingly  well,  at  the 
ftme  time  it  is  better  that  the  actual  facts  of  the  case  should  be 
lade  known. 

**For  many  years  past  I  have  strongly  advocated  creosote  in 
■oference  to  any  other  preservative ;  as,  even  when  only  indif- 
>*>enily  done,  it  certainly  adds  considerably  to  the  durability  of 
^^  poles.  On  the  TafF  Vale  Railway  the  system  in  operation  for 
'©osoting  is,  without  question,  the  most  perfect  in  existence :  The 
^\es  (and  other  timber)  used  on  the  railway  are  seasoned  in  the 
ordinary  way — ^that  is,  by  stacking,  and  then  placed  on  fireproof 
Allies.  The  timber  is  then  put  into  a  drying-house — ^that  is,  a 
building  which  can  be  heated  to  a  very  high  temperature — and,  as 
9oon  as  it  is  considered  the  whole  of  the  moisture  has  evaporated, 
lie  poles,  when  still,  hot,  and  on  the  same  trollies,  are  wheeled 
irecdy  into  the  creosoting  tank,  out  of  which  the  air  is  imme- 
iately  exhausted ;  and,  when  this  has  been  done,  the  injection  tap 
I  opened  and  the  creosote  sufiered  to  pass  therein.  Pressure  is 
ibsequently  applied,  and  the  result,  as  you  may  readily  imagine, 

most  satisfactory — as  I  have  found,  even  with  the  best  descrip- 
on  of  timber,  traces  of  the  oil  can  readily  bo  detected  throughout 
rery  portion  of  the  pole." 

q2 
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I  hereon  thought  it  desirable  to  address  Mr.  Haynes,  and  he 
replies : — 

"  I  have  to  thank  you  for  your  letter  of  the  14th  inst,  and  yon 
will  be  pleased  to  hear  that  I  should  not  have  ventured  to  offer  any 
information  respecting  the  ^  poles  in  iron  sockets'  had  I  not  been 
able  to  confirm  it 

"There  is  a  workman  in  the  service  of  this  Company  who 
altered  the  arms  on  the  poles  twelve  years  since,  and  the  poles  had 
then  been  standing  a  number  of  years.  The  slots  in  the  poles  from 
where  the  arms  were  removed  can  now  be  seen.  The  alterations 
were  made  on  account  of  the  old  **No.  3"  insulators  being  aban- 
doned, and  the  "  Invert"  form  of  insulator  used  in  their  stead.  It 
was  f5pom  this  workman  that  I  also  received  the  information  with 
respect  to  no  renewals  having  been  necessaiy,  and  as  he  is  a 
honest  and  truthful  man  I  can  rely  on  his  statement. 

"  We  have  found  it  necessary  to  renew  some  poles  on  the 
section  referred  to  since  my  communication  of  last  year.  The 
repairs  for  the  present  year  have  just  been  completed,*' 

Mr.  Haynes  has  sent  me  a  specimen  of  one  of  the  poles  removed. 
I  did  not  think  it  worth  while  when  I  read  my  paper,  as  so  many 
specimens  were  submitted  to  you,  to  trouble  you  with  any  more, 
but  this  [pointing']  is  a  portion  of  one  of  the  original  poles  planted, 
which,  you  see,  is  decayed  at  the  portion  where  the  junction  with 
the  socket  is  made.  Mr.  Woods,  who  is  now  connected  with  the 
postal  service  (but  who  was  formerly  engaged  on  the  line  on 
which  these  poles  were  planted),  writes : — 

"  I  think  there  is  no  doubt  but  what  the  iron  sockets  between 
Yatton  and  Weston  Junction  on  the  B.  and  E.  Railway  were  fixed 
about  twenty  years  ago.  During  my  service  with  the  B.  and  B« 
Railway  only  about  two  of  the  poles,  to  the  best  of  my  knowledge, 
were  removed. 

"  I  should  think  by  appearance  the  majority  of  the  poles  first 
fitted  to  the  iron  sockets  have  been  in  use  until  within  a  fe^ 
months." 

This  confirms  the  statement  of  Mr.  Haynes,  that  many  of  the 
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original  poles  are  still  standing ;  and  it  is  fair  to  conclude  that 
lAr.  Saunders  was  mistaken  in  his  statement 

I 'should  add,  there  is  little  doubt  of  the  specimen  just  referred 
>  being  one  of  the  original  poles  first  planted.  It  bears  markii 
"Iiioh  go  far  to  identify  it  as  such  ;*  as,  for  instance,  the  fastening 
^  the  earth-wires  with  hooks  instead  of  staples.  It  is  slotted  also 
»XT  the  old  No.  3  insulator,  superseded,  as  Mr.  Haynes  remarks, 
^S3ie  years  since. 

JAr.  W.  H.  Preece  has  placed  in  my  hands  a  letter  received  from 
Car.  W.  H.  Hyett,  a  gentleman  whose  name  has  been  referred  to 
^  the  paper.  The  letter  will  be  placed  in  the  hands  of  the 
^cretary,  and,  when  published,  will,  I  have  no  doubt,  be  read 
'^th  very  great  pleasure. 

Kr.  Sach  t  I  have  tried  a  great  many  experiments  on  my 
'^^strict  under  the  old  Electric  Telegraph  Company  during  a  period 
^f  twenty  to  twenty-five  years,  and,  to  sum  up  the  result  shortly, 
I  am  perfectly  satisfied  that  creosote  is  very  much  superior  to  any- 
thing within  my  experience. 

My  continental  line  poles  are  creosoted;  they  have  been  in  the 
ground  now  about  fifteen  years,  and  show  no  sign  of  decay  up  to 
tte  present.  Only  one  has  been  removed  during  the  whole  of  that 
ime ;  they  remain  apparently  as  sound  as  when  they  were  placed 
here.  I  had  a  few  creosoted  poles  (about  a  dozen)  mixed  in  with 
I  large  delivery  of  unprepared  about  nineteen  or  twenty  years  ago ; 
hey  also  are  sound  now,  although  all  the  others  in  the  same 
reality  have  disappeared  years  back. 

I  think  the  principle  of  preserving  our  poles  is  better  understood 
low  than  it  was  formerly;  it  is  generally  admitted  we  must  season 
hem — get  rid  of  the  sap, — something  must  take  its  place  to  act  as 
preservative.  Whatever  this  be,  it  should  contain  properties  to 
eject  water — ^prevent  in  fact  any  absorption  of  moisture.  Creosote, 
eiog  of  an  oily  nature,  does  tliis ;  but  it  is  not  sufficient  to  put  tlie 
ily  matter  into  the  pole — we  must  endeavour  to  keep  it  there.  I  have 
Iways  found  a  good  coat  of  tar  answer  the  purpose.  I  have  heard 
;  stated  as  one  objection  to  creosote  that  it  sinks  down  and  out  at 
le  bottom ;  but,  if  we  manage  to  prevent  this  for  about  a  foot  or 
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eighteen  inches  from  the  ground-line,  there  is  little  fear  of  losing 
it  lower  down. 

In  tarring  above  ground,  it  is  advisable  to  wait  a  few  months 
after  the  poles  have  been  set ;  the  surface  is  in  better  condition  to 
take  the  tar,  which  will  prove  h(  great  service,  and  prevent  exuda- 
tion in  warm  weather. 

Mr.  Graves  :  The  question  of  the  duration  of  timber  is,  perhaps, 
commercially  considered,  the  most  interesting  topic  that  could  be 
started  in  connection  with  overhead  telegraphs.  Upon  the  life  of 
the  poles  used  the  financial  success  of  any  extensive  system  of  lines 
must  very  greatly  depend.  Renewal  at  short  intervals  means  the 
frequent  repetition  of  a  very  large  part  of  the  original  construction 
expenditure. 

At  the  present  date  the  telegraph  engineer  is  practically  limited 
in  his  choice  to  three  classes  of  materials — larch,  boucherised,  or 
creosoted  poles.  Square  Memel  is  too  costly  for  use,  except  to 
a  small  extent  under  special  conditions.  Norwegian  or  Swedish 
timber  decays  too  rapidly  to  be  employed  without  preservation. 

Larch  varies  greatly  in  quality  (as  pointed  out  by  Mr.  Langdon) 
in  accordance  with  the  varying  conditions  of  its  growth.  Of  late 
years  it  has  increased  greatly  in  price,  and  in  some  quarters  is  not 
to  be  obtained  without  an  additional  heavy  charge  for  carriage. 
Its  employment  in  certain  cases  will  no  doubt  continue  under  cir- 
cumstances arising  from  considerations  of  locality  and  coat  But 
I  believe  it  may  be  assumed  that,  other  things  being  equal,  pre- 
served timber  will  be  generally  preferred,  owing  to  its  proved 
advantages  in  point  of  average  duration. 

Boucherised  poles,  in  this  country  at  least,  can  hardly  be  said  to 
have  proved  themselves  a  success.  Theoretically  the  process  is 
attractive,  its  application  is  simple — no  tedious  preparatory  season- 
ing is  called  for,  and  the  telegraph  posts  can  oft^en  be  proctired  and 
made  ready  for  use  on  the  ground  where  they  are  required  for 
erection.  On  the  other  hand*  suitable  raw  material  is  not  always 
easy  to  procure.  Scotch  fir  having  a  very  open  grain  is  the  wood 
selected  for  preservation  by  tlie  injecting  process  ;  but  Scotch  fir  is 
/lot  readily  found  in  quantities  sufficiently  straight  and  tall  to  admit 
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of  large   numbers  of  poles  being  cut  in  any  one  plantation  in 
proper  condition. 

In  1862  and  1863  I  superintended  the  boucherising  of  over 
6,000  poles  in  Lincolnshire.  The  timber  was  too  old.  In  some 
instances  a  month  elapsed  before  the  copper  liquid  applied  to  the 
butt  appeared  on  the  top  of  the  poles.  Externally  sound,  there  is 
no  doubt  that  incipient  decay  existed  in  many  of  the  trees  supplied 
to  us,  and  that  the  sap  channels,  so  to  speak,  were  partially  closed. 
The  result  was  in  accordance  with  the  facts.  Some  of  the  bou- 
cherised  poles  turned  out  well,  and  are  good  to  this  day,  otiicrs 
were  greatly  decayed  in  three  or  four  years.  To  boucherise  suc- 
cessfully, the  very  worst  natural  timber  (I  mean  as  regards  its 
chance  of  lasting  unprepared)  is  wanted — ifc  should  be  rapidly 
grown  and  very  open-grained.  In  some  instances  suitable  wood 
was  obtained — in  many  it  was  unsuitable.  This  I  believe  to  be  the 
main  explanation  of  the  varying  experiences  I  have  heard  of. 

At  Hovingham,  in  Yorkshire,  in  1861-1862,  I  boucherised 
about  2,000  poles.  On  the  whole  the  work  was  more  satisfactorily 
done  than  in  the  Lincolnshire  case.  The  liquid  passed  through 
more  freely,  and  I  understand  that  the  poles  have  on  the  average 
lasted  better.  Many  of  them  erected  on  the  North  Eastern  Rail- 
way in  1862  are  reported  sound  now. 

I  concur  with  Mr.  Langdon  in  preferring  creosoted  timber  to 
any  other  kind  now  generally  available.  It  combines  comparative 
economy  in  first  cost  with  the  best  chances  of  satisfactory  duration. 

It  cannot,  however,  be  safely  assumed  that  all  poles  are  sure  of 
long  life  simply  because  they  are  creosoted.  The  instances  of  the 
London  and  South  Western  experience  quoted  by  Mr.  Langdon 
are  highly  favourable — others  can  be  adduced  that  at  first  sight 
seem  less  so. 

In  1866  a  large  number  of  half-squared  Norway  poles,  i.  e,  poles 
with  two  sides  fully  square  and  the  others  meeting  at  a  rounded 
comer,  were  creosoted  in  Hull,  and  erected  on  die  Hull  and 
Milford  branch  of  the  North  Eastern  Railway.  Many  of  these 
are  said  to  be  now  far  gone,  although  from  appearances  the 
creosote  would  seem  to  have  penetrated  freely. 
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In  1859  or  1860  round  Norway  poles  (creosoted)  were  erected 
on  the  Nottingham  and  Grantham  branch  of  the  Great  Northern 
Railway ;  some  of  these  are  reported  to  be  apparently  still  sound, 
indeed  many  of  them,  but  others  have  needed  to  be  replaced  in 
consequence  of  decay. 

From  Railway  Engineers  I  have  obtained  most  contradictory 
opinions  as  to  the  practical  result  of  creosoting,  yet  these  opinions 
were  in  all  cases  professedly  (and  I  believe  really)  founded  upon 
the  teachings  of  experience. 

As  with  boucherising  so  with  creosoting,  satisfactory  results 
can  only  be  assured  by  careful  observation  of  essential  precedent 
conditions. 

It  is  of  the  first  importance  to  provide  for  the  absolute  diyness  of 
the  timber  placed  in  the  creosoting  tank — I  do  not  at  all  believe  in  the 
theory  of  complete  exhaustion  of  the  sap  by  the  exhaustion  of  the 
air.  Experience  contradicts  it.  The  wood  should  be  free  from  both 
natural  sap  and  absorbed  moisture,  and,  simple  as  these  conditions 
seem,  they  are  very  hard  to  secure — ^they  mean,  in  fact,  a  lengthy 
process  of  seasoning  under  covered  sheds,  through  which  the  wind 
can  blow  freely.  So  far  from  this  being  done  in  the  cases  of 
creosoting  to  which  I  have  alluded,  the  poles  were,  I  know  in 
some  instances,  palpably  saturated  with  moisture  when  placed  in 
the  tank.  The  exhaustion  process  was  relied  on.  The  result  has 
been  experienced  in  decay. 

Storage  for  a  long  period  implies  the  provision  of  heavy  standing 
stocks  of  timber  and  serious  cost  for  rent  and  other  charges. 
Hence  financial  reasons  oflen  compel  the  use  of  poles  that  hare 
not  undergone  a  sufficient  preliminary  preparation. 

When  placed  in  the  tank  it  is  important  to  determine  the  quantitj 
of  creosote  to  be  forced  into  the  wood — I  have  known  it  to  range 
from  4  lbs.  per  cubic  foot  to  12  lbs.  or  more,  but  it  would  seem  that 
8  lbs.  or  thereabouts  honestly  absorbed  is  sufficient.  Careful  inspec- 
tion of  the  operation  is  all  important,  and  a  certain  number  of 
representative  poles  taken  at  random  shoidd  be  weighed  and 
measured  by  the  inspector  out  of  each  charge  placed  in  the  tank. 
When  taken  out  they  should  be  again  weighed,  and  from  them  the 
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erage  result  can  be  fairly  gathered.  When  the  ereosoting  is 
•ne  by  contractors  such  a  check  is  an  absolute  essential — I  believe 
at  in  the  early  days  of  telegraph  ereosoting  much  oil  was  paid 
r  of  which  the  timber  never  reaped  the  benefit 

The  system  of  partial  ereosoting,  i,  e.  of  coating  the  outside  of 
6  lower  portion  of  poles,  can,  I  think,  only  be  regarded  as  the 
^plication  of  what  I  may  call  a  rarefied  coat  of  tar,  and  I  pre- 
me  that  except  for  experiment  or  under  very  exceptional  ciroum- 
uioes  its  use  is  not  likely  to  be  resorted  to  on  any  large  scale, 
t  any  rate,  be  its  advantages  what  they  may,  they  cannot  possi- 
y  equal  those  of  Aill-creosoting,  even  allowing  for  the  economy 
'  first  cost.  The  upper  portion  of  the  timber  remains  wholly  un- 
jfended  by  the  preparation  and  dependent  solely  upon  painting  or 
rring.  This  implies  liability  to  percolation  (through  the  fibres 
'  the  wood)  of  external  moisture— a  liability  which  would  be 
rioos  if  the  painting  was  not  frequently  renewed ;  while,  on  the 
her  hand,  if  the  external  coating  be  complete  the  pole  unless 
»ry  thoroughly  seasoned  and  dry  in  the  first  instance  is  placed 
ider  conditions  exactly  calculated  to  favour  the  rapid  develop- 
ent  of  dry-rot. 

I  trust  that  one  point  of  much  importance  that  is  raised  by 
T.  Langdon  may  meet  with  full  ventilation — as  to  the  necessity 
*  periodically  tarring  creosoted  poles.  There  can  be  no  doubt  of 
16  apparent  advantage  of  such  a  course,  but  it  has  several 
*awbacks.  The  main  one  is  its  cost.  On  many  roads  the  local 
*ejudice  against  wholly  black  poles  raises  a  serious  obstacle. 
he  exudation  of  the  creosote  oil  forms  a  tarry  cake  round  the 
>ttom  of  tlie  poles.  If  the  poles  really  must  be  re-tarred  for 
&ty,  would  it  be  necessary  to  open  out  the  ground  at  the  foot 
id  disturb  the  leakage  formation  ?  I  can  pretend  to  no  sufii- 
ent  experience  that  would  justify  me  in  expressing  a  definite 
>inion  on  these  points,  but  I  trust  that  this  branch  of  the  question 
isy  not  escape  notice. 

Creosoted  poles  should,  in  my  belief,  be  allowed  to  remain  some 
me  in  a  lateral  position  before  being  erected.  When  this  is  the 
ise  the  visible  leakage  of  the  oil  is  much  less  than  when  erection 
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takes  place  immediately  after  removal  from  the  tank,  and  it  would 
seem  -that  a  larger  portion  of  the  oil  is  permanently  absorbed  into 
the  tissues  of  the  woody  fibres. 

Mr.  Arthur  R  Granville  :  In  addition  to  the  processes  of  creo- 
soting,  boucherising,  bumetising,  and  kyanising,  there  are  various 
other  methods  of  preserving  timber  ;  and  a  short  statement  of  what 
Monsieur  Boucherie,  the  son  of  the  inventor  of  the  boueherising 
system,  thinks  upon  the  subject,  may  not  prove  unacceptable  to  the 
members  of  this  Society.  He  said,  in  the  early  part  of  the  present 
year,  before  the  French  Academy,  and  in  support  of  his  fiather's 
system,  that  it  is  an  error  to  suppose  that  the  sulphate  of  copper 
is  very  soluble,  or  that  when  exposed  to  the  rain  its  preservative 
power  disappears  after  a  certain  time ;  this  anti-septic  substance, 
he  declared,  fixes  itself  in  the  elements  of  the  wood,  and  could  not 
be  dissolved  by  washing.  Cases  of  failure  in  the  preservative 
eifects  of  the  boueherising  system  he  attributes  to  a  disease  in  the 
wood,  the  diseased  tissue  seeming  to  resist  the  sulphate.  The 
fact  that  the  French  boucherise  all  their  poles  must  speak  some- 
what in  favour  of  this  process.  In  that  country,  however,  there 
seems  to  be  a  desire  felt  to  have  a  cheaper  system  of  preserving 
timber,  and  many  have  advocated  the  tannate  of  protoxide  of  iron. 
M.  Boucherie  objects  to  its  possessing  the  preservative  properties 
attributed  to  it.  He  admits  that  it  destroys  termites  and  worms, 
but  does  not  believe  it  preserves  ligneous  tissue,  for  he  declares  that 
a  minimum  salt  of  iron  introduced  into  the  vascular  portion  of  wood 
is  rapidly  converted  into  a  maximum  salt,  a  phenomenon  accom- 
panied invariably  by  the  disorganization  of  the  wood  itself.  Ex- 
periments were  made  in  dyeing  balls  black  by  injecting  them  with 
sulphate  of  protoxide  of  iron,  of  tannin,  and  logwood ;  but  it  was 
found  that  the  wood  was  only  preserv^ed  from  decay  when  dry. 
Injected,  however,  with  sulphate  of  copper,  they  were  perfectly 
preserved  after  twenty-five  years.  The  following  is  another  recipe, 
but  of  what  value  I  cannot  say,  although  many  speak  very  highly 
of  it : — Boil  linseed  oil,  and  mix  it  with  charcoal  dust  until  it  has 
the  consistency  of  an  ordinary  paint.  Farmers  who  have  used  it 
declare  that  posts  treated  >vith  a  single  coat  of  this  mixture  will 
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never  rot     Begarding  creosote,  I  do  not  notice  that  Mr.  Langdon 
has  mentioned  it  to  be  a  non-conductor  of  electricity. 

Mr.  C.  E.  Spagnoletti  said:  The  subject  of  Mr.  Langdon's 
paper  is  one  of  great  interest  to  those  who  are  engaged  in  and  have 
the  charge  of  telegraph  lines,  because  the  poles  form  the  largest 
item  of  expenditure  in  maintenance;  therefore  whatever  can  be 
done  to  preserve  the  timber  and  prolong  the  life  of  the  poles  is  of 
great  importance.  I  have  brought  with  me  a  few  specimens  of 
timber  which  I  think  will  be  interesting  to  the  meeting,  and  the 
experience  I  have  had  for  some  years  is  this.  With  regard  to 
prepared  timber,  my  own  belief  is  that  as  much  depends  upon  the 
quality  of  the  timber  itself  as  in  the  mode  of  preparing  it.  If 
unprepared  larch  is  used,  it  should  be  good  hard  mountain-grown 
timber,  felled  at  the  proper  season,  and  well  seasoned  before  being 
planted;  I  have  found  larch  poles  last  from  seven  to  ten  years. 
Cfharring  and  tarring  is  a  doubtful  question — some  approve  of  it, 
others  think  it  is  not  of  much  advantage,  but  I  think  it  destroys 
vegetation.  .Boucherising  does  not  appear  to  add  much  to  the 
life  of  the  timber,  and  we  have  here  a  specimen  of  a  pole  boucherised 
and  planted  in  1866,  and  you  will  find  it  is  entirely  gone;  it  was 
removed  in  1 872.  These  poles  were  boucherised  on  the  estate  on 
which  they  were  grown,  but  as  they  grew  rapidly  in  a  sofl  moist 
soil  they  contained  a  good  deal  of  sapwood,  and  they  have  not 
more  than  forty  or  fifty  rings ;  consequently,  though  they  were 
thicker  than  many  other  poles  on  the  line  of  a  much  longer  growth, 
the  majoriiy  of  them  have  gone  bad,  some  even  down  to  the  bottom 
of  the  pole.  I  think  one  cause  of  the  decay  is,  the  pores  of  the 
wood  are  so  coarse  and  open  that  the  attraction  of  moisture  causes 
a  dilution  of  the  preservative  properties  of  the  copper  salt,  and 
by  gravitation  it  may  work  out  of  the  wood.  It  is  also  to  be 
remarked  that  boucherising  is  injurious  to  the  stays,  earth-wires, 
arm  earth-wires  and  bolts,  as  the  sulphate  of  copper  so  quickly 
attacks  not  only  the  galvanizing  of  them,  but  the  iron  itself,  and 
the  earth-wires  from  the  arms,  if  put  through  the  bolt-hole,  are 
soon  eaten  away;  and  I  believe  it  is  the  custom  of  the  Post-office 
engineers  to  paint  a  portion  of  the  pole  where  these  wires  come  in 
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contact  with  it,  to  keep  the  deleterious  effects  off  the  galvanised  iron 
wire.  I  think  some  of  the  poles  may  have  decayed  from  being  bad 
ordead  timber^and  from  the  process  having  been  improperly  applied. 
With  respect  to  kyanised  timber,  I  may  state  that  poles  put  up  in 
1865  are  still  good,  with  the  exception  of  a  few  which  were  put 
in  chalk.  Some  were  removed  in  1871  and  used  again  ;  but  poles 
thus  prepared  were  decayed  wherever  they  came  in  contact  with 
chalk,  which  is  equally  bad  for  ironwork  as  boucherising.  I  have 
here  a  specimen  of  kyanized  timber  placed  on  the  Great  Western 
Railway  in  1840,  and  my  attention  was  drawn  to  the  fact  that 
the  sapwood  of  this  piece  of  baulk  timber  is  perfect  and  good,  as 
you  will  here  see.  I  think  with  regard  to  kyanising,  though  it  is 
an  excellent  preservative  of  wood,  yet  with  regard  to  our  light 
wires  and  light  iron-work  in  contact  with  the  pole,  the  effect  upon 
them  from  kyanising  is  as  deleterious  as  that  from  boucherising. 
I  may  say  with  regard  to  kyanising  that  2  lbs.  of  corrosive  subli- 
mate at  Ss.  per  lb.  will  be  sufficient  for  50  cubic  feet  of  timber. 
The  time  for  preparing  should  be  one  day  per  inch  and  one  day 
over — thus,  two  days  for  1  inch,  three  for  2  inches,  and  so  on. 
One  advantage  of  this  preservative  is  that  the  timber  may  be  cut 
down  and  cast  into  the  tanks  at  once,  the  sooner  the  better,  and  no 
preparation  or  seasoning  is  required  or  necessary. 

Textile  substances  so  treated  are,  according  to  Faraday,  almost 
indestructible,  and  some  pieces  of  calico  and  canvass  he  prepared 
were  found  to  last  a  very  long  time,  while  unprepared  samples  of 
the  same  materials  rotted  in  a  few  months.  Creosoting  timber 
appears  to  be  the  best  preservative  we  have,  and  the  most  lasting 
for  timber  used  for  telegraphic  purposes  if  properly  done,  and  if  the 
timber  before  being  submitted  to  the  process  is  well  seasoned. 
The  first  poles  put  on  the  Basingstoke  Branch  *  in  1859  are  still 
good,  afler  a  period  of  eighteen  years.  It  has,  however,  this  dis- 
advantage ;  it  makes  timber  exceedingly  brittle.  It  is  also  an 
awkward  preservative  to  use  in  case  of  poles  on  public  roads  and 
railway  platforms,  because  the  heat  of  the  sun  draws  the  creosote 

♦  Groat  Western  Railway. 
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it  of  the  wood|  and  it  is  unpleasant  if  people  come  in  contact 
ith  the  poles.  I  erected  some  creosoted  poles  three  years  ago, 
ad  find  the  banks  of  the  railway  are  saturated  with  creosote  for 
yard  round  the  bottom  of  the  poles  in  some  instances.  This 
recess  is  particularly  good  for  poles  to  be  planted  upright,  a^  the 
eat  of  the  summer  sun  every  year  causes  the  creosote  to  liquify, 
nd  by  gravitation  the  portion  of  the  pole  most  requiring  the  pre- 
ervative  (the  bottom)  is  for  some  time  continually  receiving  an 
imnal  recreosoting  by  percolation. 

The  Chairman  :  Was  the  vegetation  dead  for  a  yard  round  the 
Mile? 

Mr.  Spagnolbtti  :  Yes ;  creosote  is  not  destructive  to  the  iron- 
foA  about  the  pole.  I  have  found  that  the  heat  in  summer  was 
ufBcient  to  draw  the  creosote  out  of  the  poles,  and  that  it  has  run 
n  to  the  arm,  and  when  the  earth-wire  on  the  arm  has  been  too 
lear  to  the  pole  that  it  has  been  covered  with  creosote  and  thus 
Qsulated,  by  reason  of  which  they  are  rendered  useless  and  their 
»bject  destroyed.  With  regard  to  iron  sockets  there  have  been  a 
rreat  many  used  on  the  Great  Western  Bailway.  They  are  very 
imilar  to  those  shown  on  Mr.  Langdon's  diagram,  and  poles 
ilaced  in  the  sockets  have  remained  twenty  years,  and  were  good 
rhen  they  were  taken  down.  The  difficulty  is,  if  sockets  are  used, 
f  yon  want  to  increase  the  capacity  of  your  poles  you  must  increase 
he  size  of  your  socket,  which  is  expensive,  otherwise  the  thing 
vould  look  exceedingly  unsightly,  and  cutting  the  pole  to  fit  the 
KKsket  would  weaken  the  foundation  of  your  pole.  Mr.  Preeco  has 
>at  on  an  iron  shoe  at  the  bottom  of  the  socket ;  but  I  think  this  to 
I  pole  unprepared  or  imperfectly  prepared  would  tend  to  hasten 
is  destruction.  By  confining  the  natural  elements  of  decay  the 
noisture  from  the  surrounding  earth  is  not  kept  from  the  timber, 
ind  the  alternate  action  of  wet  and  dry  would,  near  the  surface, 
3ontinually  be  going  on ;  but,  if  the  timber  is  well  prepared  and 
the  shoe  be  continued  as  a  case  up  the  pole  to  rather  above  the 
ground  line,  this  would  serve  to  keep  the  preservative  in  and  the 
moisture  out,  and  would  no  doubt  make  a  lasting  pole.  But  for 
ho  trouble  of  moving,  poles  planted  in  concrete  would  no  doubt 
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last  a  long  time.  I  have  a  letter  f5pom  one  of  my  inspectors  who 
has  had  a  long  experience  in  the  maintenance  of  telegraphs,  which 
is  interesting,  and  with  your  permission  I  will  read  it.  It  is  on  the 
question  of  the  longevity  of  timber. 


Decay  and  Preservation  of  Timber  used  for  Telegraph  Purposes, 

"  Dear  Sir, 

"  In  my  experience  of  timber  I  find  that  creosote  is  the  best 
preservative  of  poles ;  I  have  never  seen  a  decayed  creosoted  pole, 
and  herewith  send  you  specimens  of  timber  that  has  been  in  use 
on  the  Worcester  and  Hereford  line  over  twelve  years.  The  pieces 
marked  1,  2,  and  3  are  sections  cut  from  the  top,  ground-line,  and 
bottom  of  the  same  pole,  by  which  you  will  see  that  the  wood  is  as 
good  as  when  first  put  up.  The  section  marked  4  is  cut  from  the  top 
of  another  pole  just  under  the  arm  mortice  at  your  request,  to  see  if 
there  was  anything  like  dry  rot  at  that  point ;  you  will  see  by  it 
that  the  wood  is  perfectly  sound,  and  since  seeing  you  on  Thursday 
I  have  examined  a  number  of  similar  poles  between  Hen  wick  and 
Bransford  Boad  now  standing,  and  find  them  perfectly  sound  and 
in  as  good  condition  as  those  you  examined  lying  at  Bransford 
Koad  Station.  I  am  however  informed  by  Lineman  Worth  that 
some  time  ago  he  took  out  two  decayed  poles  of  the  same  dass  from 
off  the  Malvern  line.  From  his  description  of  the  poles  I  should 
think  it  was  dead  stuff  before  it  was  creosoted :  he  described  the 
wood  as  crumbling  to  dust  when  pressed.  The  soil  over  the 
Worcester  and  Malvern  line  is  clay  and  gravel,  sometimes  mixed 
sometimes  separate.  I  have  found  all  classes  of  timber  whether  pre- 
pared or  not  last  longer  in  clay  than  any  other  soil. 

"  I  also  inclose  you  a  piece  of  one  of  the  cedar  poles  you  were 
speaking  of;  the  poles  were  sent  from  America  to  England  some 
years  ago  as  an  experiment,  and  purchased  by  the  late  East  India 
Company,  unshipped  at  Gloucester,  taken  to  Didcot,  and  stacked 
there.  On  proceeding  to  use  them  I  tested  one  for  strength, 
when  I  found  it  rotten  right  through  the  centre;  and  most  of 
them  were  so  soil  that  I  probed  a  bar  four  feet  into  them  from  the 
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jily.  Some  I  had  split,  and  found  the  whole  pole  hollow  from 
to  top,  something  like  a  piece  of  elder  with  the  pith  out 
11  see  the  grain  of  the  stuff  is  very  close,  and  I  have  no 
irould  be  very  durable  if  cut  at  a  proper  age;  they  were  very 
deed,  even  the  sound  ones,  and  those  decayed  had  evidently 
ng  before  they  were  cut  down.  I  am  of  opinion  that  let 
)  ever  so  well  seasoned  that  moisture  will  arise  from  the 
irough  the  pores  of  the  wood  and  find  its  way  to  the  air  at 
und-line,  where  the  decay  commences,  and  it  appears  to  bo 
question  of  time  with  all  classes  of  timber,  whether  specially 
d  or  otherwise. 

^as  speaking  to  a  master  painter  the  other  day  on  this 
and  he  says,  that  if  a  piece  of  green  or  wet  woqd  be 
on  three  sides  that  decay  commences  at  once  on  the  fourth 
sed  side;  if  completely  covered  it  commences  to  decay  inside ; 
aint  be  chipped  ofi*  and  a  portion  of  the  timber  left  exposed 
ay  will  fiy*to  that  part  at  once;  and,  although  he  is  a  painter 
lan  of  great  experience,  he  says  we  have  still  to  find  a  good 
ative  for  timber  used  for  outside  purposes, 
ould  there  be  any  thing  worth  notice  in  the  above  remarks 
be  pleased,  and  remain, 

"  Yours  truly, 

^^  Thomas  Miller. 

Spagnoletti,  Esq." 

.ve  also  a  communication  from  the  same  person  on  the 
of  the  durability  of  cedar  poles,  which  is  as  follows : — 

Cedar  Poles. 

B, — ^The  pole  from  which  the  piece  of  cedar  which  I  sent  you 
b  had  been  up  about  seven  years,  and  I  believe  there  are  now 
six  of  the  same  class  of  pole  standing  between  Didcot 
and  the  junction  box,  bearing  the  railway  wires,  that  have 
lere  over  ten  years.  The  four  pieces  of  creosoted  pole  sent 
)re  from  two  poles;  those  marked  1,  2,  3,  were  from  one 
lat  marked  4  was  from  a  difierent  pole,  cut  from  just  under 
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tho  arm  mortice.  I  have  just  turned  up  an  old  pole  from  off  the 
Severn  Valley  Line ;  those  poles  were  experimented  upon  by  being 
bored /ro7n  the  bottom  up  to  the  ground  lincy  another  hole  then 
bored  into  it  transversly,  the  bottom  was  then  plugged  up,  and  the 
hole  filled  up  with  creosote  and  plugged  up  at  the  ground-line.  I 
split  the  bottom  and  found  that  none  of  the  creosote  had  entered 
the  wood ;  and  thinking,  Sir,  you  would  like  to  see  a  portion  of  the 
wood,  I  have  sent  a  section  up  to  you. 

"  Yours  truly, 

^^  Tho.  Milleb. 

"  C.  E.  Spagnoletti,  Esq." 

Fkofessob  Abel  :  With  regard  to  the  question  of  these  metallic 
salts,  I  think  Mr.  Spagnoletti  laid  stress  upon  the  want  of  perfect 
action  of  copper  salts,  owing  to  the  washing  out  of  the  salt 
I  doubt  whether  that  is  the  case,  and  it  would  be  interesting  to 
iuscertain.  I  believe  a  small  quautity  of  the  copper  salt  is  con- 
verted into  insoluble  compound ;  the  action  of  the  metallic  com- 
pounds is  to  combine  with  certain  albuminous  substances  in  the 
wood,  by  which  they  are  converted  into  insoluble  substances,  and 
it  is  by  the  chemical  alteration  which  these  undergo  that  the  pre- 
servative effect  is  brought  to  bear.  I  do  not  think  the  rotting  of 
the  wood  in  the  first  instance  can  be  ascribed  so  much  to  the  wash- 
ing out  of  the  salt,  as  to  access  of  air  to  the  wood  through  the  more 
or  less  porous  soils  in  which  the  poles  are  planted.  If  the  pole  is 
fixed  in  a  stiff  clay  soil,  or  in  hard  rock,  I  think  it  is  probable  the 
preservative  action  is  greater  than  if  it  were  buried  in  porous  soil 
or  loose  earth.  I  had  opportunities,  about  six  years  ago,  of  making 
experiments  upon  the  boucherising,  kyanising,  and  other  processes 
for  the  preservation  of  wood.  Generally  the  results  were  favour- 
able to  boucherising.  By  the  application  of  solution  of  copper  salt 
under  pressure  the  wood  was  impregnated,  and  after  it  had  been 
buried  some  years  it  was  found  to  have  withstood  decay  better  than 
other  samples  prepared  with  other  metallic  salts.  In  the  year 
1841  M.  Bouchcrie  himself  experimented  upon  different  metallic 
salts — niercmy,  zmc,  and  iron — and  ho  came  to  the  conclusion, 
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ter  a  number  of  years,  that  a  copper  salt  had  the  best  preservative 
tion.  I  believe  opinions  are  feirly  divided  between  copper  salts 
id  mercory  salts,  and  between  the  boucherising  and  kyanising 
ocess,  which  undoubtedly  are  both  good  preservative  processes, 
gather  that  Mr.  Langdon  comes  rather  to  the  conclusion  that,  of 
e  various  processes  classed  under  the  head  of  preservation  by 
etallic  salts,  that  which  most  counteracts  effects  of  the  moisture 
L  the  wood  most  adds  to  the  life  of  the  timber.  No  doubt 
at  is  in  a  great  measure  true ;  that  is,  if  a  process  is  applied 
'  which  the  pores  of  the  wood  are  filled  up  by  an  antiseptic 
&terial,  you  have  an  action  which,  by  the  exclusion  of  air, 
events  decay  independently  of  the  antiseptic  action,  and  that 
one  reason  why  the  creosoting  process  is  more  efficient  than 
)atment  with  metallic  salts.  There  is  the  twofold  action,  one  that 
filling  up  the  pores,  and  the  second  the  antiseptic  action  of  the 
Bosote.  This  brings  me  to  another  point.  In  former  days  creosote 
IS  regarded  as  the  most  valuable  antiseptic  agent,  and  the 
dOBoting  process  was,  as  a  rule,  very  efficient,  because  in  it  yoii 
d  to  the  full  extent  the  antiseptic  action  of  tlie  material  com- 
aed  with  the  fiUing-up  action  of  the  oil.  Now  within  the  last 
w  years  the  substances  which  are  the  real  antiseptic  agents  in 
aosote  (carbolic  acid,  &c.)  have  become  extremely  valuable,  and  in 
dinary  commercial  creosote  they  no  longer  exist  in  the  abundance 
ey  used  to  do.  In  fact,  even  as  far  back  as  eight  or  ten  years 
p,  when  I  examined  a  number  of  samples  of  creosote  for  a  rail- 
ly  company,  I  found  a  very  great  difference  in  the  proportion 
carbolic  acid  in  the  samples  of  creosote  that  were  offered  for 
eserving  purposes,  consequently  there  would  be  great  difference 
the  eflSciency  of  those  various  creosotes.  This  variation  exists 
a  greater  extent  now,  therefore  one  can  hardly  draw  a  con- 
imon  from  past  experience  what  the  creosote  of  the  present  and 
tore  will  be  in  reference  to  its  preservative  action  on  wood. 
Mr.  Bolls  said :  I  did  not  unfortunately  hear  Mr.  Langdon  read 
9  valuable  paper,  but  I  have  derived  much  pleasure  from  the 
rosal  of  a  copy,  and  I  am  sure  we  must  all  agree  that  we  are 
VOL.  ni.  K 
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deeply  his  debtors  for  the  mine  of  valuable  information  contained 
in  it. 

I  think,  with  regard  to  foreign-grown  timber,  that  we  should  he 
very  careful  indeed  before  pronouncing  for  or  against  any  particular 
species ;  they  one  and  all  so  vary  with  different  conditions,  of  cli- 
mate, soil,  and  elevation,  that  it  is  all  but  impossible  for  any  but 
the  connoisseurs  of  the  timber  trade  to  avoid  often  giving  the  place 
of  honour  to  an  undeserving  species  and  slighting  a  worthier 
kind;  and  I  notice  in  the  paper  we  are  discussing  that  the  pitch- 
pine  falls  under  condemnation  on  the  ground  that  after  a  time  the 
resin,  turpentine,  &c.  which  form  its  preservative,  ooze  out  and  leave 
only  a  mass  of  dry  short  woody  tissue;  but  this  can  only  be  the 
case  with  some  specimens  of  tlie  genus ;  Oregon  pitch-pine  being 
largely  used  for  the  principal  spars  of  vessels,  demanding  of  oonrse 
great  strength  and  resistance  to  decay  in  all  climates.  I  quite  agree 
with  Mr.  Langdon's  verdict  in  favour  of  larch.  Although  a  young 
man  I  am  an  old  telegraphist,  and  all  things  considered  I  think 
larch  is  next  to  creosoting ;  it  will  stand  well  for  10  to  15  years, 
and  then  have  only  a  surrounding  of  decaying  sapwood;  that 
knocked  off  until  the  sound  wood  beneath  is  reached  and  that  tarred, 
or  charred  and  tarred,  and  the  pole  will  continue  to  last  longer  than 
I  can  tell.  But  I  am  free  to  confess  that  this  is  larch  par  eaeellenee^ 
and  hardly  to  be  obtained  at  the  ordinary  price  of  telegraph  poles, 
and  is  to  be  found  only  at  certain  elevations  and  growing  npon  the 
poorest  soil.  It  is  I  know  usual  to  insist  upon  natural  butts.  Bat 
this  may  not  always  be  wise,  larch  even  of  the  best  sort  when 
growing  being  frequently  found  to  be  foxy  or  decayed  inside  the 
butt,  and  that  without  future  detriment  to  the  remainder  of  the 
timber. 

With  respect  to  charring  and  tarring  these  and  other  plain  poles, 
I  have  always  held  the  opinion  that,  provided  the  spar  be  toleraMy 
seasoned,  the  process  is  of  great  use  when  properly  carried  ont* 
But  inattention  to  the  theory  involved  frequently  leads  to  inefficient 
practice.  If  we  take  a  pole  and  gently  roast,  or  I  might  say  .toast, 
it  at  a  considerable  distance  from  the  fire,  the  first  effect  will  he 
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similar  to  kiln-drying,  or  quick  seasoning;  the  next  will  be  to 
render  insoluble  the  albuminous  matter  of  the  wood,  and  thus  pre- 
vent it  from  becoming  the  active  element  it  otherwise  would  in  the 
future  decay  of  the  pole.  So  we  attain  one  of  the  elements  of 
kyanising. 

If  we  now  bring  our  pole  somewhat  nearer  the  fire,  so  as  to 
reduce  a  moderate  portion  of  the  outside  wood  to  charcoal,  not 
ashes,  we  shall  surround  it  with  a  powerful  antiseptic  carbon ; 
coat  this  with  coal-tar,  and  we  add  a  second  and  still  more  power- 
ful antiseptic  in  the  shape  of  its  creosote,  so  called,  and  the  elimi- 
nated pitch  forms  a  waterproof  envelope.  As  to  boucherising, 
I  quite  coincide  with  Mr.  Spagnoletti  and  others,  that  the 
process  is  of  little  service  and  gives  very  varying  results.  I 
have  had  to  renew  many  boucherised  poles  that  could  claim  only  an 
existence  of  six  or  seven  years,  and  in  one  instance  a  mere  infant 
of  less  than  two.  All  tliese  were  of  the  ordinary  yellow  colour. 
But  upon  the  same  line  were  a  number  of  copper  injected  poles  of 
the  same  kind  of  wood  (Scotch  pine),  of  a  blackish  colour,  and 
these,  although  several  ye^s  older  than  their  yellow  brethren,  were, 
with  one  or  two  exceptions,  perfectly  sound.  Reflecting  upon  the 
matter,  it  occurred  to  me  that  possibly  the  sulphate  of  copper  used 
might  have  been  impregnated  with  iron  salt,  and  that  the  latter, 
entering  into  combination  with  tannic,  and  perhaps  gallic,  acids 
existing  in  the  wood,  had  given  rise  to  the  black  colour  which  was 
found  in  the  interior.  I  should  not  expect  the  tannates  or  gallates 
formed  in  fir  or  pine  to  be  in  sufficient  quantities  to  affect  their 
preservation.  Still,  the  idea  naturally  presented  itself,  does  an 
admixture  of  iron-salt  with  the  copper  assist  to  prolong  the  life  of 
a  pole? 

Of  kyanising  I  have  little  or  no  experience.  I  once  set  20 
or  30  poles  prepared  afler  Mr.  Kyan's  plan,  but  they  were 
shortly  after  removed  in  the  coiu'se  of  alterations.  The  principle 
appears  to  be  correct — the  perchloride  of  mercury  should  render 
insoluble  the  albumen  of  the  wood,  and  the  resulting  sub- 
chloride  defend  it  from  the  attacks  of  insects  and  fungi.  Yet, 
in  practice,   this   does  not  appear  to  bo   always  borne  out,   for 


_    c\ 


248  DECAY  AND  PRESERVATION  [13th  May, 

one  of  the  engineers  of  the  Croydon  Atmospheric  Railway 
informs  me,  that  when  that  line  was  in  constraction  Baltic 
timber  of  the  best  sort  was  selected  for  the  sleepers,  and  these  were 
steeped  in  wooden  tanks  containing  the  solution  of  mercury.  The 
steeping  completed,  the  sleepers  were  stacked  and  the  tanks 
were  broken  up ;  their  bottoms  were  found  to  be  rotten,  and  the 
bottom  sleepers  of  each  stack  were  also,  when  got  at,  found  to 
be  in  the  same  condition.  However,  with  such  a  powerful  ally  as 
creosote,  I  think  we  may  well  dispense  with  the  poisonous  com- 
pound of  mercury,  attacking  as  it  does  the  human  body,  externally 
and  internally. 

Creosoting,  properly  carried  out,  answers  every  purpose  per- 
fectly well,  and  at  the  present  moment  it  is  impossible  to  say  how 
far  it  may  prolong  the  life  of  a  pole.  1  believe  the  Egyptian 
mummy-cloths  are  supposed  to  have  been  steeped  in  a  liquid  con- 
taining this  essential  principle,  and  we  all  know  how  wonderful  is 
their  preservation.  With  the  same  luck  we  should  have  the  poles 
which  Mr.  Langdon  mentions  on  the  Portsmouth  Line  and  others 
in  excellent  condition  somewhere  about  the  year  6,000;  rather 
longer  than  we  are  likely  to  be  interested  in  the  matter.  In 
creosote,  then,  we  possess  a  preservative  fully  meeting  our  require- 
ments, and  it  only  remains  to  consider  the  method  of  applying  it 

All  who  have  experience  of  creosoted  poles  must  have  noticed 
that  some,  under  the  influence  of  a  single  summer,  lose  most  of  their 
creosote,  and  become  white,  dry,  and  brittle.  Some  are  reduced  to 
the  same  condition  in  a  longer  time ;  while  others,  and  these  always 
from  the  same  batch  of  creosoting,  retain  their  creosote,  are  black 
and  shiny  on  the  exterior,  as  if  pitched,  and  become  harder  and 
harder  with  age.  I  believe  these  different  results  are  due  to  the 
description  of  creosote  used  in  each  case ;  and  that,  as  a  rule,  in 
manufacturing  the  article,  the  distillation  is  carried  on  too  slowly, 
and  the  resulting  liquid,  being  necessarily  very  volatile,  is  under 
the  influence  of  sun-heat  more  or  less  evaporated  and  drained  from 
the  pole.  But,  if  the  distillation  be  urged  so  as  to  drive  over  into 
the  receiver  a  certain  amount  of  tarry  matter,  we  shall  tlien  have 
the  creosote  with  which  the  hard  black  ]>olcs  have  been  prepannl. 
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When  we  fiul  to  obtain  this  creosote,  and  I  know  of  no  practical 
reason  why  we  should,  doubtless  the  next  best  thing  is,  as  Mr. 
Langdon  suggests,  to  coat  the  outside  of  the  pole  with  coal-tar. 
This,  however,  could  not  be  so  efScient,  as  it  has  only  a  surface 
effect  There  is  another  point  which  may  perhaps  deserve  attention. 
Talking,  some  time  ago,  to  the  manager  of  some  creosoting  works, 
he  said  that  poles  exposed  some  time  to  the  sun  will  no  longer  take 
the  creosote  at  any  pressure  they  can  apply.  If  this  be  so,  it  is  of 
oourse  of  the  utmost  importance  that  poles  should  be  seasoned 
under  shade.  One  word  more  and  I  will  no  longer  trespass  on 
your  time.  With  respect  to  the  Chairman's  question  about  creosoted 
poles  I  may  answer  in  the  affirmative.  On  the  West  Moors  section 
of  the  South  Western  Railway  I  had  to  renew  several  poles  cre- 
osoted to  the  depth  of  one  and  two  inches,  which  were  in  a  very 
bad  state.    These  were  all  of  Norway  spruce  fir. 

Mr.  Lanodon  :  I  had  hoped  the  discussion  upon  the  paper  which 
I  have  had  the  honour  to  submit  to  the  Society  would  have  been 
carried  a  little  beyond  its  present  limits.  I  had  hoped  that  more 
^f  those  railway  telegraph  engineers  who  have  had  so  large  an 
experience  of  timber  applied  to  telegraph  purposes  would  have 
Tavoared  the  meeting  with  some  observations.  No  doubt  such 
nrould  have  added  largely  to  the  interest  and  value  of  the  paper. 
Fhe  subject  is  one  of  unquestionable  importance  to  all  railway  men 
18  well  as  to  the  Government.  In  the  paper  I  have  stated  that 
•oughly  it  may  be  estimated  at  something  like  a  saving  of  £12,000 
L-year  if  we  can  even  effect  an  extension  of  the  life  of  timber  to  the 
jxtent  of  3^  years:  if  we  can  augment  this  to  another  3^  .years 
ve  shall  of  course  double  that  amount,  so  that  the  question  becomes 
>ne,  though  not  of  vital  importance  to  telegraphy  itself,  yet  of  great 
mportance  to  its  commercial  success. 

On  the  occasion  of  the  last  meeting  Mr.  Bell  made  some  inquiries 
ivith  regard  to  some  poles  on  the  Basingstoke  and  Salisbury  branch 
>f  the  South  Western  Railway,  planted  in  1855.  I  am  unable  to 
tate  how  those  poles  were  renewed,  but  I  believe  there  were  partial 
■enewals  up  to  1865. 

Mr.  Graves  has  instanced  some  cases  of  decay  in  creosoted 
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out "  creosoted  poles.  It  is  the  influence  of  the  sun,  the  warmer 
atmosphere,  that  draws  out  the  creosote  from  the  upper  part  of 
the  pole,  and  causes  it  to  trickle  down  to  the  ground-line.  At 
this  point  this  influence  is  lost.  Below  it  the  pole  is  fairly  in 
antagonism  with  its  surrounding  medium,  in  the  same  manner  as 
oil  is  with  water.  The  oil  is  kept  within  the  wood  by  the  moisture 
of  the  soil ;  whilst  the  oil  in  turn  keeps  the  moisture  from  pene- 
trating the  wood.  Mr.  Sach  very  truly  remarks  that  if  you  keep 
the  creosote  in  the  pole  above  ground  there  is  little  fear  of  losing  it 
lower  down. 

I  agree  that  there  is  an  advantage  in  allowing  poles  to  remain 
in  a  horizontal  or  lateral  position  for  some  time  after  creosoting. 
What  we  require  is  for  the  oil  to  solidify  in  the  pores  of  the  wood- 
to,  as  it  were,  get  hardened.  It  is  then  not  so  easily  affected  by 
the  temperature,  whereas,  if  used  or  set  upright  when  newly  done, 
that  contained  in  the  outer  portion  of  the  pole  is  easily  drawn  out  by 
the  warmer  atmosphere.  A  good  test  of  the  settlement  or  solidifi- 
cation of  the  creosote  in  the  wood  may,  I  think,  be  obtained  by 
lifting  the  pole  from  (Aie  end.  I£  the  oil  is,  as  it  were,  sUU  liquid, 
the  pole  will  be  elastic  and  supple.  As  it  solidifies,  so  will  the  pole 
become  more  solid  and  less  flexible. 

This  brings  me  to  a  statement  of  the  flexibility  of  creosoted  timber 
placed  in  my  hands  by  Mr.  Brain,  Messrs.  BetheU's  manager. 
This  statement  may  perhaps  be  found  of  sufficient  interest  to  be 
published  with  the  report  of  this  discussion.  Messrs.  Bethell  do 
not  concur  with  the  statement  made  in  the  paper,  that  all  kinds  of 
preparations  tend  to  destroy  the  elasticity  of  the  wood.  I  can  only 
repeat  such  is  my  experience.  Wood  newly  creosoted  is  no  doubt 
as  supple,  or  even  more  so,  than  prior  to  its  subjection  to  this  pro- 
cess ;  but  in  course  of  time  the  wood  becomes  shorty  as  desoribed. 
For  this  reason  I  would  not  advocate  the  saturation  of  poles  pre- 
pared under  this  process  for  telegraph  work.  It  would,  in  my 
opinion,  be  preferable  to  leave  a  good  portion  of  the  spine  of  the 
pole  untouched  by  the  creosote. 

Mr.  Granville  has  referred  to  a  practice  in  vogue  amongst 
farmers  of  applying  boiled  linpced  oil  mixed  with  charcoal  dost 
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the  bottoms — ^that  is,  those  portions  placed  beneath  the  soil— of 
te-posts,  which  is  said  to  be  very  durable.  I  take  this  as  an 
foment  in  favour  of  the  butt  or  tank  creosoting  process  referred 
and,  indeed,  of  the  principle  advanced  in  the  paper,  as  the  source 
►m  which  the  decay  of  all  poles,  not  prepared  under  an  oily  pre- 
ss, decay.  I  should  have  liked  to  have  seen  this  principle — this 
xdianical  system  of  disinteffration — ^more  fully  discussed.  Does 
cay  arise  from  it?  We  see  the  very  same  wood  which  we  use 
r  telegraph  poles,  and  which,  used  as  such,  decays  in  seven  or 
jht  years,  if  kept  dry — used  for  household  furniture,  or  otherwise 
last  almost  an  interminable  period.  We  have  Mr.  Haynes's  evidence 
tibe  duration  of  iron-socketed  poles.  We  have,  further,  Mr. 
Mignoletti's  evidence  to  the  same  effect  We  have  the  all- 
knowledged  duration  of  qreosoted  timber;  and  we  have  Mr. 
ranville's  evidence  of  a  process  which  must  come  also  under  the 
lad  of  an  oil.  All  these  are  processes  which  exclude,  and  are 
itagonistic  to,  moisture.  Has  the  antiseptic  powers  of  creosote 
ijrthing  to  do  with  the  lasting  properties  which  creosote  imparts  to 
nber,  or  is  such  derived  merely  from  the  oil  itself?  The  evidence 
L  the  duration  of  iron-socketed  poles  is  strongly  in  favour  of  the 
kter. 

If  we  concede  that  the  decay  of  telegraph  poles  proceeds  from 
e  absorption  of  moisture  in  that  part  which  is  placed  in  the 
*ound  our  course  is  clear.  Either  we  must  creosote  the  pole 
Ltirely  \>r  partly,  or  else  give  it  such  protection  as  will  exclude 
oistnre  from  the  portion  buried  in  the  soiL  Beyond  this  we 
lall  also  have  the  opportunity  of  employing  a  cheaper  description 
timber  than  we  have  hitherto  employed.  There  wiU  be  no 
ason  why  we  should  not  employ  home-grown  Scotch  fir,  which 
cheaper  than  that  from  abroad,  and  equally  strong  for  our  pur- 
ees as  larch  timber,  though  not  so  close-grained.  It  would  more 
adily  absorb  the  creosote ;  and  where  it  could  not  be  applied  it 
Quid  be  equally  well  fitted  for  the  application  of  a  compound  of 
tch  and  tar. 

I  desire  to  tender  my  thanks  to  those  gentlemen  who  have  con- 
ibuted  to  tho  interest  of  the  paper  by  sending  specimens  of 
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decayed  and  other  timber,  and  also  to  those  who  have  taken  part 
in  the  discussion  which  has  been  brought  to  bear  upon  it 

The  Chairman  said:  It  is  difficult  to  over-estimate  the  im- 
portance of  the  discussion  we  have  been  carrying  on.  There  can 
be  no  doubt  that  timber,  on  account  of  its  rapid  decay,  forms  tlie 
most  important  and  cosUy  item  in  telegraph  maintenance.  It  lu» 
been  assumed  throughout  the  discussion  that  tlie  decay  to  which 
we  allude  is  the  decay  of  the  bottom  of  the  pole.  No  one  alludes 
to  the  decay  of  the  upper  portion,  but  that  does  occur  on  the 
western  coast  and  in  Scotland.  Several  processes  for  obviating 
that  decay  have  been  referred  to — creosoting,  sulphate  of  copper, 
boucherising,  and  kyanising — and  the  general  opinion  evidently 
is  in  favour  of  creosoting.  Now  timber  may  decay  in  two  ways — 
one  by  eremacausis,  the  ordinary  process  of  decay  by  the  soil  rotting 
the  outside,  and  another  by  the  action  of  the  mycelium  of  fungi 
which  grow  in  timber  and  cause  it  soon  to  become  decayed.  I  see 
before  me  a  piece  of  timber  in  that  condition  reduced  to  touch- 
wood ;  and  these  metallic  salts  appear  to  act  to  prevent  this  decay 
in  two  ways.  Some  of  them  convert  the  albuminous  product  of  the 
wood  into  a  consolidated  substance,  and  so  take  away  the  liability 
to  decomposition ;  other  solutions  act  to  a  great  extent,  and  especially 
where  the  poles  are  planted  on  roads  which  pass  through  woods,  in 
destroying  the  mycelia  of  fungi  and  preventing  that  slow  internal  rot 
or  decay  which  would  otherwise  take  place,  and  which  causes  the 
destruction  of  the  poles.  The  great  question  is  how  creosote  can 
best  be  employed.  On  this  subject  the  remarks  of  Professor  Abel 
as  to  the  inferior  quality  of  the  creosote  are  very  important  The 
subject,  I  may  say,  is  one  of  special  interest  to  myself,  inni^ini^oJi 
as  twenty  years  ago,  as  engineer  of  the  Electric  Telegraph  Com- 
pany, I  made  a  great  many  experiments  upon  the  preservation  of 
poles.  The  use  of  the  iron  socket  was  a  suggestion  made  by  me 
to  my  brother ;  also  the  system  of  boring  a  hole  up  the  pole  and 
pouring  creosote  into  it  I  had  supposed  that  experiment  had  been 
forgotten,  and  within  the  last  year  or  two  I  have  made  some 
further  experiments  in  that  direction.  I  cannot  help  still  attachint' 
importance  to  it     I  think  if  a  polo  is  bored  out  4  or  5  feet  from 
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the  bottom,  tept  filled  with  creosote,  and  securely  plugged,  which 
can  be  done  at  small  cost,  the  results  will  be  found  to  be  important. 
In  closing  this  discussion,  I  will  ask  you  to  return  a  cordial  vote 
of  thanks  to  Mr.  Langdon  for  his  extremely  able  and  interesting 
paper. 


Copy  of  letter  addressed  to  Mr.  W.  H.  Preece  from  Mr.  W.  H. 

Hyett,  F.RS. 

Painswick  Honse,  Fainswick,  Stroud, 
Apnl  14th,  1874. 

DsAR  Mr.  Preece, 

**  I  beg  to  thank  you  for  the  sight  of  the  pamphlet  on  the 
Decay  and  Preservation  of  Larch  Poles.  It  reminds  me  of  a  series 
of  experiments  I  made  on  them  many  years  ago.  I  had  been 
assisting  in  a  few  experiments  on  a  small  scale  to  ascertain 
whether  the  leaves  of  plants  inhaled  or  exhaled  nitrogen  like 
carbonic  acid  night  or  day,  and  I  afterwards  carried  on  similar 
Bxperiments  upon  a  greater  scale  to  satisfy  myself  whether  the 
light  oi:  heat  of  the  sun,  as  compared  with  the  darkness  of  night, 
gave  out  the  sap  as  aqueous  vapour  in  large  quantities  from  the 
leaf.  For  tliis  purpose  I  cut  some  twenty  larch  in  the  summer 
when  the  sap  was  running  freely,  and  leaned  them  as  perpen- 
dicularly as  I  could  against  the  south  side  of  a  bam  during  twelve 
hours  of  the  day,  and  then  had  them  removed  for  twelve  hours 
iuring  the  night  within  the  bam,  always  taking  care  tliat  the  butt 
was  pointed  and  rested  on  a  board,  so  as  not  to  draw^  any  moisture 
Brom  the  ground,  leaving  on  every  bough  and  leaf.  I  weighed 
tliem,  night  and  morning,  for  several  days  till  all  the  leaves  fell 
>£  I  have  unfortunately  mislaid  the  records  of  the  experiments, 
but,  if  I  recx)llect  right,  at  the  end  of  the  first  day  they  had  all  lost 
ibout  10  per  cent,  of  their  weight,  and  during  the  first  night 
reabsorbed  a  quarter  of  what  they  had  lost.  On  the  second  day 
itej  lost  some  8  per  cent.  On  the  second  night  they  regained 
iome  2  per  cent.;  and  this  went  on  till  all  the  leaves  fell  off,  and  no 
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ftirther  change  of  weight  then  took  place.  To  all  appearance,  when 
the  wood  was  immediately  sawn  out  and  planed  it  was  as  dry  as 
if  it  had  been  cut  in  the  winter  and  duly  seasoned,  and  this  I 
remember,  that  the  specific  gravity  of  a  cube  of  6  inches  was  le^ 
than  that  of  the  same  sized  cube  of  a  larch  that  had  been  cut  in  the 
winter  and  exposed  during  the  summer.  The  trees  were  about  25  or 
30  years  old.  This  led  me  to  suspect  that  timber  cut  in  the  summer 
with  all  the  boughs  and  leaves  lefl  on  to  evaporate  the  sap  would  have 
been  at  least  as  well  seasoned  as  trees  cut  in  the  winter,  if  not  better. 
I  had  intended  to  continue  these  experiments,  especially  the  oak  cut 
in  the  spring  with  leaves  upon  it  and  the  sap  rising  sufficiently  to 
bark  the  trees.  This  was  intended  to  obviate  the  mischief  of 
cutting  oak-timber  when  the  sap  had  begun  to  rise  for  the  sake  of 
the  bark — but  like  many  other  contemplated  experiments  it  was 
dropped — though  I  still  think  something  might  yet  be  made  of  it  by 
young  men  who  are  up  to  the  trouble  of  such  trials.  I  am  on  the 
verge  of  fourscore.  The  author  of  the  pamphlet  does  not  seem  to 
be  aware  of  the  elaborate  experiments,  on  various  antiseptics, 
described  in  the  ^  Annales  du  Chimie  de  Physique,*  by  M.  Le 
Docteiu*  Boucherie.  If  his  ^  boucherising'  process  refers  to  the 
same  man,  sulphate  of  copper  was  certainly  not  his  nostrum; 
his  experiments,  though  not  mine,  giving  it  greatly  in  favour  of 
pyro-lignate  of  iron. 

"  I  submitted  the  trees  I  experimented  upon  to  fungus  pits  for 
some  years,  and  Brunei  used  to  send  down  and  examine  them  fre- 
quently. Those  treated  with  sulphate  of  copper  decayed  earlier 
than  those  treated  with  pyro-lignate  of  iron,  and  in  all  cases  the 
strength  of  timber  treated  with  metallic  salts  combined  with  mineral 
acids  was  much  more  injured  from  the  very  first  than  those  which 
were  treated  with  metals  combined  with  vegetable  acids  ;  sulphates, 
and  chlorides,  and  nitrates  always  made  the  wood  brittle  before 
decay,  which  the  acetates  and  pyro-lignates  did  not. 

^'  Yours  very  truly, 

"  W.  H.  Hybtt." 
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lemarks  handed  in  by  Mr.  Brain  on  behalf  of  Messrs.  Beihell 
[  Co.  :— 

>ryne88  is  the  principal  quality  required  in  timber  that  is  to  be 
>8oted.  Timber  is  sometimes  delivered  dripping  wet,  and  the 
jsoting  firm  expected  to  creosote  it  without  delay.  This  is  par- 
ilarly  the  case  with  long  timber,  but  I  have  been  lately  told  by 
jancashire  engineer  that  by  standing  sleepers  delivered  to  him 
ight  he  has  frequently  got  a  gallon  of  water  out  of  one.  It  is 
haps  better  that  timber  should  not  be  creosoted  at  all  than 
38oted  moist.  In  some  cases  the  creosoting  firm  should  bo 
aired  to  dry  the  timber  in  ovens,  or,  when  this  is  not  prac- 
ible,  steam  of  about  two  atmospheres  pressure  should  be  driven 
ough  the  cylinder,  which  will  in  a  measure  dry  the  wood. 
\a  regards  the  want  of  elasticity  in  creosoted  timber  I  venture 
submit  some  opinions  contained  in  very  careful  works  by  a 
gian  and  French  engineer  of  Fonts  et  Chauss^es.  The  former, 
Crepin,  found  that  creosoted  wood  which  had  been  some  time 
the  sea  at  Ostend  was  remarkable  both  for  its  elasticity  and 
dness ;  and  M.  Foresten,  the  French  engineer,  having 
larked  that  M.  Crepin's  observations  applied  to  wood  some  time 
oeoted  and  immerged  in  the  sea,  determined  on  trying  experi- 
Dts  on  creosoted  wood  soon  after  its  leaving  the  cylinder.  Witli 
;ard  to  flexibility  he  says,  "  We  loaded  twenty-one  pieces  of 
:,  elm,  beech,  plane,  red  and  white  fir,  Norwegian  pine,  Italian 
)lar,  and  white  Dutch  poplar,  placing  the  weights  on  the  middle 
their  long  sides.  They  were  2^  metres  long  between  the  points 
support  and  5  centimetres  square.  After  having  first  loaded  some 
oes  of  each  kind  to  breaking  point  we  then  ascertained  the 
don  of  the  twenty-one  pieces  under  continually-increasing 
Lghts,  but  not  up  to  breaking  point ;  we  then  creosoted  these 
ces,  and  loaded  them  successively  with  the  same  weights,  and 
ascertained  that  their  flexibility  had  sensibly  increased.'' 
rhe  resistance  to  a  crushing  weight  of  creosoted  and  uncreosoted 
cks  is  compared  in  a  tabular  statement  by  M.  Foresten.  On 
Carolina  poplar  the  creosoting  seems  to  have  diminished. 
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Natubb  op  Wood. 

Number  of 

blocks  tried, 

both  creosoted 

and  nncreosoted. 

Creosote 

injected 

per  cubic 

feet. 

Crushing  weight 

for  the            for  the 
oncreosoted      creosoted 
bits.                bits. 

Differenofl. 

Increaaed         Los 

weight          weight 
borne.          borne. 

French  Oak    .    . 

8    . 

120  k° 

396  k 

424  k 

28k 

Elm 

12 

285 

388 

392 

4 

Ash 

4 

260 

393 

433 

40 

Swedish  Red  Fir. 

8 

271 

303 

314 

11 

■ 

Norway  Red  Fir . 

12 

319 

418 

432 

14 

Dantzic  Red  Fir . 

2 

371 

280 

293 

13 

Norway  White  Fir 

4 

205 

392 

400 

8 

Plane     .... 

4 

400 

358 

360 

4 

Carolina  Poplar  . 

9 

545 

270 

258 

12 

''  Belfast,  20th  April,  1874. 

"  My  DEAR  Sib, — 

^'  I  gave  Mr.  Fox  (whom  I  think  you  know)  the  pamphlet 
on  The  Decay  and  Preservation  of  Telegraph  Poles  to  read.  I 
attach  his  remarks  for  your  information.  Hard  larch  in  Ireland 
will  take  the  boucherising  process,  owing,  no  doubt,  to  the  damp- 
ness of  the  climate. 

"  I  am  yours  very  truly, 

^^  M.  C.  Gbeenhill. 

"  Geo.  E.  Preece,  Esq." 


«  Belfast,  18th  April,  1874. 

"  M.  C.  Greknhill,  Esq. 

"  I  have  perused  the  pamphlet  on  The  Decay  and  Preserva- 
tion of  Telegraph  Poles  with  much  pleasure  and  satis&ction,  and 
beg  to  detail  my  experience  of  the  boucherising  process  in  Ireland; 
and,  as  you  are  fully  aware,  from  the  quantity  of  poles  which 
passed  through  my  hands,  different  classes  of  timber  were  delivered, 
and  for  experiment  I  noted  particularly  the  result  of  each  kind ; 
viz.,  Scotch  fir,  grown  on  soft  peaty  soil,  were  far  more  coarse  and 
open,  consequently  more  readily  finished,  than  those  grown  on 
rocky  soil.  The  average  time  taken  to  successfully  boucherise 
28-feet  poles  during  the  months  of  April,   May,   June,  July, 
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gust,  and  September  was  from  five  to  seven  days.  In  October, 
vember,  December,  January,  February,  and  March  about  ten 

^  I  also  endeavoured  to  ascertain  the  quantity,  of  liquid  perco- 
3d  through  three  28-feet  poles  in  June  and  three  of  the  same 
gth  in  November.  In  the  former  56  gallons  were  carefiilly 
asured,  and  in  the  latter  68  gallons. 

'^  I  also  tried  some  few  white  or  soft  larch.  These  took  a  few 
^8  longer  than  the  Scotch,  but  they  certainly  answer  very  weU. 
few  of  the  red  or  hard  larch  were  also  tried.  Some  were 
jcessfiilly  done,  others  when  tested  proved  to  have  taken  the 
ation  but  a  very  short  way  from  the  butt  end.  I  reversed  them 
i  found  the  same  efiect  at  the  small  end. 

^^  A  small  f quantity  of  spruce  and  silver  were  also  subjected  to 
)  process^  and,  as  far  as  the  boucherising  of  them,  they  answer 
(11,  but  take  much  longer  to  do  than  either  larch  or  Scotch ;  but 
ind  these  would  not  answer  for  telegraph  purposes,  as  when  dry 
yy  have  a  decided  tendency  to  split 

^^  I  am  quite  of  the  opinion  that  a  large  proportion  of  the  larch 
own  in  Ireland  would  answer  well  for  boucherising,  say  four- 
bhs.  They  are  certainly,  with  the  Scotch,  of  a  much  coarser 
ain  than  I  found  in  England,  consequently  could  be  boucherised 
icker  and  at  less  expense. 

^^  I  am,  Sir,  your  obedient  servant, 

"  Jas.  R  Fox." 


The  following  Paper  was  then  read  : — 

ON  THE  CHANGE  OF  THE  RESISTANCE  OF  HIGH 
TENSION  FUSES  AT  THE  MOMENT  OF  FIRING. 

By  Major  Malcolm,  RE.  Member  of  Council. 

It  had  been  my  intention  to  have  made  this  paper  the  subject  of 
ommunication  to  our  Journal  only,  but  it  so  happened  that  Pro- 
ivor  Abel  had  promised  a  paper  on  electrical  fuses,  and  it  was 
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tliereforo  thought  that  my  communication  might  be  advantageously 
road  on  tho  same  night 

All  that  I  propose  to  bring  before  you  is  the  fact  of  the  change 
of  resistance  of  high  tension  fuses  previous  to  and  at  the  moment 
of  explosion,  and  the  degree  of  change,  as  far  as  I  have  been  able 
in  a  few  oases,  to  follow  it 

It  is  no  doubt  well  kno>vn  to  many  who  have  been  in  the  habit 
of  using  these  fuses  that  their  resistance  changes  according  to  the 
intensity  of  the  current  passing  through  them,  on  which  account  we 
at  Chatham  make  it  a  rule  to  test  them  always  with  a  battery  of  two 
Leclanche  cells  only,  unless  for  any  special  reason,  which  is  noted. 

Working  away  to  understand  the  action  of  these  fiises  as  weU 
as  I  could,  I  had  often  been  struck  with  peculiarities,  one  of  which 
I  will  here  mention :  viz. 

Occasionallv  when  I  had  a  fuse  in  circuit  with  a  delicate  reflect- 
ing  galvanometer  of  1,360  ohms,  resistance  in  bridge,  I  have 
notifXHl  a  ivgular  vibration  of  the  light,  continuing  for  a  consider- 
able  time^  and  as  often  as  the  current  was  turned  on,  so  as  to  lead 
nio  and  othei^  to  believe  that  the  motion  was  due  to  no  vibration  of 
tho  rcKun  or  other  external  caase,  but  solely  to  the  varying  passafje 
t^'  the  ounvnt  through  the  substance  of  the  fuse,  which  seemed  to 
di»cjian*e  it^f^f  as  if  by  the  motioD  of  some  of  its  particles. 

Xow«  thanks  to  the  attention  paid  to  the  dynamo-electric  machine 
by  M<Hssr^  Siemens^  we  haxi^  in  a  not  voy  weighty  form  a  maduDC, 
of  whioh  the  last  thai  has  passed  dxroogfa  my  hands  has  been  capa- 
ble of  tiring  IdO  hi^  teiisioD  fixse^  in  cootinnons  or  plain  circuit, 
«)vl  1 10  in  two  parallel  cinraitSL  Another  much  lighter  has  fired 
CU>  $))oh  Indies  in  sax  pazalkJ  cu>niits«  showing  that  the  spark  was 
iMi)>aKk^  of  a  suKiirbSoin*  whSdi  the  Ansoian  frictional  machine  of 
W^n  KbDor  is  ^uit^  enable  to  appivaielL  This  madiine  also  fired 
45^  tw^?^;>ii^  in  <v\ntin;aoos  <m&ii. 

1  ihink  ^v  TT^av  ttk^  li»\ii>>>  oiiiii&  as  a  &ir  avenge  resistance 
%m'  <W  \v^^inaTv  hic^,  i;e^!n<Svtt  A'^  laDd-^qiictf  fiiise  made  without 

Sv^nx*  n^"^  ^^crojitS-  <xv>kc:t5C  ios  Ifzazu  while  others,  as  will 
^K^%'<^  bo  ?<^^i»«  ii^U  i£;odt  :<uMr  su  h  hdnif  a  Batter  of  interest 
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to  me  to  discover  in  what  lay  the  tremendous  power  which  enabled 
these  dynamo->electric  machines  to  overcome  such  enormous  resist- 
ance with  heat  enough  to  explode  the  fuses ;  and,  as  we  had  no 
definite  information  at  hand  at  Chatliam,  I  was  also  anxious  to  find 
ont  the  average  niunber  of  cells  necessary  to  insure  the  explosion 
of  these  fuses  by  voltaic  electricity. 

A  hmidred  Leclanche  cells  size  No.  3  were  therefore  prepared 
and  a  circuit  arranged,  commencing  from  one  pole  of  the  battery 
through  a  fiise  whose  resistance  had  been  previously  taken  as 
before  indicated,  passing  on  through  a  Gaugain  tangent  galvano- 
meter to  the  battery  by  a  fork-tailed  lead,  so  that  the  number  of 
cells  could  be  increased  conveniently  without  breaking  the  circuit 
or  originating  disturbances  of  the  needle. 

The  needle  had  been  made  very  short  and  light,  with  a  glass 
pointer  fixed  on  to  it 

We  began  always  with  one  or  two  cells,  and  then  by  the  forked 
tailed  lead  worked  slowly  up  the  battery,  till  the  fuse  exploded, 
noting  carefully  the  deflection  of  the  needle  of  tlie  galvanometer 
until  explosion.  We  then  substituted  such  metallic  resistance  in 
the  (MTcuit  as  (with  the  number  of  cells  which  had  produced  ex- 
plosion) reproduced  the  noted  deflection. 

The  conduct  of  some  of  the^  fuses  was  strangely  difierent  from 
that  of  others ;  for  instance,  in  the  case  of  one  with  a  resistance 
marked  "  Infinite,"  that  is  to  say,  one  which  gave  no  indication  of 
a  current  firom  two  cells,  the  resistance  suddenly  broke  down  before 
the  current  firom  21  cells  giving  a  violent  deflection  at  moment  of 
firing  only. 

But  generally  the  deflection  increased  very  fairly  with  the  in- 
creased number  of  cells  applied,  as  T  tried  to  keep  the  influence  of 
each  degree  of  current  power  as  nearly  equal  as  I  could,  that  is,  I 
kept  moving  at  a  nearly  equal  speed ;  occasionally,  however,  the 
amount  of  deflection  fell.  I  find  one  case  noted,  resistance  450. 
Number  of  cells  to  fire  fiise  9.  Deflection  of  galvanometer  5  (after' 
giving  a  permanent  deflection  of  80). 

The  metalUc  resistance  noted  here  as  required  to  reproduce  the 
deflection  is  1,320  ohms. 

VOL.  in.  s 
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In  another  case  resistance  320,  cells  8,  deflection  5  (after  deflec- 
tion of  45),  metallic  resistance  1,440. 

I  am  also  aware  of  other  instances  of  the  same  sort. 

This  is  a  variation  of  (conduct  exceedingly  interesting  to  me,  and 
I  should  be  glad  of  a  satisfactory  explanation  of  it. 

I  may  quote  a  few  instances  of  the  general  law. 


Initial 

Resistance  of 

fuses. 

Cells. 

Deflection. 

Metallic  Resistance 

snbstitnted  to  reproduce 

Deflection  obtained 

JQst  before  firing. 

490,000 

18 

1 

17,000 

15,000 

10 

11 

750 

499,000 

16 

16 

640 

425 

10 

6 

1,850 

1,550 

5 

15 

265 

9,550 

85 

10 

8,750 

10,500 

89 

8 

5,500 

10,500 

88 

10 

8,990 

87,000 

48 

10 

4,950 

It  was  because  this  breaking  down  of  resistance  seeraed  to  me 
interesting  in  connection  with  some  remarks  made,  especially  by 
the  President  of  this  Society,  on  Mr.  Preece's  paper  on  Lightning 
Conductors,  that  I  thought  the  record  of  an  attempt  to  measure  at 
least  a  portion  of  it  might  interest  the  Society. 

What  follows,  besides  explosion,  after  the  resistance  of  a  fuse 
has,  by  the  energy  of  about  43  cells,  been  reduced  fi'om  37,000  ohms, 
to  4,950, 1  do  not  pretend  to  say ;  but,  having  watched  the  resistance 
fall  down  so  low,  it  is,  I  think  it  fair  to  suppose  that,  in  some  cases 
with  inconceiyable  rapidity,  the  resistance  is  still  further  broken 
down  until  the  current  can  easily  be  conceived  to  be  safBciently 
great  to  heat  the  inflammable  substances  of  which  the  fuse  is  com- 
posed to  the  exploding  point 

On  one  occasion  I  ti*ied  if  a  microscope  applied  while  a  curr^t 
was  being  passed  though  a  fuse  would  show  me  any  motion  of 
particles.     I  only  got  a  puff  of  smoke  in  my  face. 
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EXPEBIMENTS  WITH  HiGH-TENSION  FuBEB,  5tH  MaRCH,  1874. 


Resisftance  of 

FOMS. 

No.  of  Cells  Fuse 
fired  with. 

Gangain  Tangent 

GaWanometer 
resist.  0*75  ohms. 

Resistance  jnst 
before  firing. 

490,000 

18 

1 

18,000 

15,000 

10 

11 

780 

420,200 

20 

Nil 

499,000 

16 

16 

680 

425 

10 

6 

1,380 

1,550 

5 

15 

270 

550 

7 

12 

440 

490,000 

21 

•3i 

5,250 

450 

9 

5 

1,350 

680 

10 

10 

840 

4,400 

15 

H 

4,700 

820 

8 

5 

1,450 

Infinite 

21 

Nil 

« 

650,000 

22 

8 

2,300 

19,000 

13 

Nil 

12,000 

HiOH-TEirsioir  Fuses  (Newest  Pattern;. 


Reiistance  of  Fnses. 


No.  of  Cells 
Fuse  fired  with. 


Deflection  on 

Gangain  Tangent 

Galvanometer. 


95,700  B.A.U. 

35 

10,500    „ 

39 

10,500    „ 

38 

37,000    „ 

43 

18,000    „ 

21 

30,000    „ 

26 

17,000    „ 

30 

7,000   „ 

36 

Resistance  jost 
before  firing. 


3,750  B.A.U. 

5,500  „ 

3,990  „ 

4,950  „ 

1,980  „ 

4.400  „ 

4,600  „ 

3,800  „ 


s2 
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DISCUSSION. 

The  Chairman  asked  Major  Malcolm  if  he  could  tell  them  tiie 
nature  of  the  compound  of  the  fuse, — whether  powder  or  solid. 

Major  Malcolm  replied  that  Professor  Abel  could  give  the  best 
information  on  that  subject 

The  Chairman  :  Is  it  in  the  form  of  powder  ? 

Major  Malcolm  :  Compressed  powder. 

Professor  Abel,  F.RS.  :  I  might  make  an  observation  on  this  in- 
teresting communication  which  may  throw  some  light  upon  it.  The 
compound,*  both  conducting  and  explosive,  and  offering  a  high  re- 
sistance, in  this  fuse  is  a  mixture  of  sub-phosphate  of  copper  and 
sub-sulphide  of  copper  and  chloride  of  potash,  which  last  is  the  ex- 
plosive agent.  The  phosphate  of  copper  offers  high  resistance,  and  in 
order  to  give  the  material  increased  conducting  powtr  it  is  mixed 
with  sub-sulphide  of  copper.  The  mixture  consists  of  these  three 
components,  mixed  as  intimately  as  possible  by  mechanical  opera- 
tion. This  is  pressed  with  a  moderate  degree  of  pressure  round 
the  poles  of  these  high-tension  fuses.  Great  care  is  required  in 
the  manufacture  of  these  fuses,  so  as  to  make  them  sufficiently 
sensitive  to  be  fired  in  large  numbers  by  a  high-tension  appa- 
ratus such  as  this.  The  high-tension  fuses  have  been  made  more 
carefully.  They  are  well  pressed  until  a  certain  deflection  is 
obtained  in  the  galvanometer,  so  that  we  have  a  clear  indication 
of  resistance  as  well  as  of  tension.  I  believe  it  is  in  consequence 
of  the  fact  of  the  variable  compression  of  the  material  by  mecha- 
nical means  that  the  anomalous  results  referred  to  by  Major  Malcolm 
are  produced.  I  should  tell  you  that  the  indication  furnished  by 
the  measure  of  resistance  of  the  fuse  is  no  indication  of  its  sensitive- 
ness to  ignition.  It  does  not  follow,  because  it  gives  a  low  deflec- 
tion of  the  galvanometer,  it  is  more  or  less  sensitive  to  ignition. 
The  sensitiveness  of  the  fuse  is  due  to  two  causes :  first,  to  the 
electrical  conductivity  of  the  fuse  composition ;  and  secondly,  to 
the  degree  of  compression  applied  in  the  production  of  the  fuse.    If 
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in  a  small  quantity  of  the  mixture,  or  in  two  small  quantities  of  the 
same  mixture,  there  exist  a  few  particles  more  of  sub-sulpliide  of 
copper  in  one  than  in  the  other,  the  one  fuse  will  be  electrically 
more  conducting  than  the  other ;  consequently  the  effect  will  be 
very  different  On  the  other  hand,  the  fuses  will  vary  in  sensitive- 
ness, because  one  will  contain  more  sub-sulphide  of  copper  than 
another,  and  the  examinations  of  the  galvanometer  will  not  corre- 
spond with  the  battery  power  required  to  explode  the  fuses.  I 
cannot  at  the  present  moment  explain  the  drop  in  the  galvanometer 
at  the  time  of  explosion,  but  there  can  be  no  doubt  that  the  varia- 
tions with  regard  to  sensitiveness  to  ignition  and  conductivity  are 
due  to  two  causes  which  operate  in  opposite  directions. 

Mr.  W.  H.  Preece  :  I  should  be  glad  to  hear  how  the  resistance 
of  the  fuse  is  taken  in  the  first  instance,  and  whether  this  sudden 
failure  of  the  galvanometer  is  noticed  at  the  moment  of  explosion, 
and  whether  it  continues  after  the  explosion. 

Major  Malcolm,  RE. :  I  did  not  bring  forward  this  question  as 
offering  to.  throw  any  light  at  all  upon  the  irregularity  of  the  fuses, 
for  I  do  not  think  practically  they  are  irregular ;  but,  if  I  were  to 
bring  before  you  a  table  which  will  be  printed  with  the  paper,  you 
would  find  they  come  down  very  equally.  But  the  object  I  had  in 
bringing  it  forward  was,  that  some  time  ago  there  was  a  talk  about 
atmospheric  electricity,  and  I  thought  whether  that  had  anything 
to  do  with  the  sudden  break-down  of  resistance  in  fuses  of  great 
elecfrical  power;  and  I  found  in  this  mixture — I  do  not  care 
what  its  resistance  may  be — I  found  in  this  mixture  the  same  sort 
of  quality  of  resistance  as  in  the  fuse  which  I  now  bring  forward. 
At  Chatham  we  test  the  fuses  with  two  cells  of  the  Leclanche 
battery,  and  we  balance  with  a  Wheatstone  bridge  and  reflecting 
galvanometer ;  and  we  found  those  fuses  in  which  we  suppose  we 
do  not  put  quite  sufSoient  current  through  to  explode  them, 
balancing  them  immediately  afterwards  they  will  have  a  low  resist- 
ance, and  that  resistance  will  rapidly  rise.  I  do  not  say  it  will 
come  back  to  what  it  originally  was,  because,  being  a  mixture  not 
prepared  with  special  care,  it  is  not  likely  the  particles  will  re- 
arrange themselves  as  they  were;  but,  when  you  compare  che  tension 
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of  one  of  these  instmments  as  against  the  tension  of  an  ordinanr 
voltaic  battery,  it  requires  but  a  small  portion  of  electromotive  force 
to  reduce  the  resistance,  and  that  which  puzzled  me  before  I  saw 
how  the  resistance  fell  seemed  to  be  nlore  or  less  exphcable.  [Mr. 
W.  H.  Pbeece:  When  the  needle  falls?]  The  needle  does  not 
fall :  the  fuse  explodes,  and  the  circuit  is  broken.  I  think  if  I  get 
those  fuses  of  490,000  resistances  down  to  a  resistance  of  17,000, 
which  I  can  trace,  1  look  upon  it  as  something  like  going  down  a 
slope.  I  know  electricity  acts  with  remarkable  rapidity,  and  the 
action  is  too  quick  for  the  galvanometer  to  show  it.  Supposing 
the  resistance  falls  to  zero,  it  must  be  done  in  such  a  small  portion 
of  time  that  I  have  neither  materials  nor  knowledge  which  will 
enable  me  to  follow  it  at  present 

Professor  Abel,  F.ILS.  :  There  is  one  point  I- would  lay  before 
you,  and  that  is,  as  to  the  development  of  heat  As  the  heat  is  raised 
the  conductivity  of  the  material  is  increased.  When  that  reaches  a 
certain  point  in  one  particular  fuse,  that  fuse,  while  the  needle  is 
still  falling,  e2q)lodes.  The  resistance  may  be  less  in  one  fuse  tt 
the  moment  of  explosion  than  in  another,  because  the  amount  ot 
heat  required  to  explode  one  fuse  will  be  less  than  that  in  another, 
and  you  will  have  a  different  fall  of  the  galvanometer  at  the  moment 
of  explosion  in  one  fuse  than  you  have  in  another.  Major 
Malcolm  has  endeavoured  to  measure  the  fall  of  the  galvanometer 
till  the  moment  when  the  fuse  explodes,  and  what  he  registers  is 
the  deflection  at  the  instant  of  or  just  before  the  explosion,  and 
that  varies  with  the  amount  of  heat  developed  and  the  sensitiveness 
of  the  material  to  be  exploded  by  heat,  which  will  be  variable. 

Mr.  W.  H.  Prbece  :  I  think  Major  Malcolm  has  started  an 
interesting  branch  of  inquiry.  He  alluded  to  some  observations 
that  were  made  in  a  paper  which  I  read  before  this  Society  <» 
Atmospheric  Electricity,  and  in  that  paper  I  endeavoured  to  point 
out  that  one  of  the  causes  which  induced  lightning  protectors  to 
act  in  the  way  they  did  was,  that  at  the  moment  when  a  flash  of 
lightning  struck  across  a  layer  of  air  it  converted  that  path  into 
a  line  of  no  resistance.  Hence  the  whole  of  the  current  due  to 
atmospheric  electricity  passes  along  this  small  line  of  no  resistance  in 
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preference  to  going  through  a  coil  of  the  instrument  which  possesses 
some  resistance.  Since  then  I  have  endeavoured  to  pursue  this 
inquiry  and  to  trace  it  out,  but  want  of  time  has  prevented  me  from 
putting  into  shape  the  results  of  a  great  mass  of  experiments  on 
the  point,  the  experiments  being  made  to  watch  the  effect  of  increased 
electromotive  force  upon  the  resistance  of  an  insulating  medium,  the 
same  as  Major  Malcolm  has  endeavoured  to  show.  The  experiments 
were  in  this  way :  Layers  of  air  of  various  thickness  and  density 
were  arranged  by  means  of  tubes  and  air-pumps.  Electromotive 
force  was  applied  from  one  cell  up  to  6,000  cells,  and  by  that  means 
a  series  of  experiments  were  made  which  show  that  in  the  case  of 
any  insulating  medium  we  find  that,  as  we  increase  the  electromotive 
force,  so  we  reduce  the  resistance  of  the  body  opposed  to  the  cur- 
rent. In  the  case  of  air,  it  follows  definite  laws  which  I  hope  to 
bring  before  you.  In  the  case  of  fuses,  I  have  no  'doubt  it  follows 
a  similar  law.  Most  of  us  know  that  in  cables  we  get  varying 
results  according  to  the  power  we  test,  and  the  higher  the  power 
the  less  is  the  result  that  is  obtained.  We  therefore  have  this  fact 
— that  as  we  increase  the  electromotive  force  applied  to  test  either 
air,  or  gutta-percha,  or  india-rubber,  or  any  insulating  medium,  we 
find  the  resistance  diminishes.  If  Major  Malcolm  tries  this  in  his 
fiises,  and  others  who  have  the  opportunity  of  testing  will  do  the 
same,  in  a  short  time  we  shall  be  able  to  find  out  definite  laws, 
which  will  be  a  great  addition  to  our  science — that  is,  the  laws 
which  determine  the  resistance  of  bodies  which  oppose  the  passage 
of  currents.  We  know  already  the  laws  which  apply  to  bodies 
which  ybvour  the  passage  of  currents. 

Professor  Foster,  F.R.S. :  I  would  beg  to  suggest  whetlier  it  is 
possible  that  the  explosion  of  these  fuses  may  to  a  cei*tain  extent  be 
due  to  a  different  action  to  that  of  heat — the  composition  of  sub- 
stances which  react  upon  each  other  chemically  with  great  energy — 
and  it  does  not  seem  to  me  impossible  that  the  conduction  may  be 
of  the  nature  of  chemical  conduction.  The  current  is  conducted 
not  only  by  the  sulphide  of  copper,  but  there  may  be  some  kind  of 
polarisation  of  the  particles  tending  to  make  them  act  chemically 
towards  each  other.     It  struck  me  that  one  possible  mode  of  action, 
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in  addition  to  heat,  may  be  to  commence  to  set  up  chemical  action, 
which  once  set  going  may  go  on  increasing,  and  a  small  spark 
may  produce  great  combustion. 

Professor  Abel,  F.R.S. :  I  have  no  doubt  such  action  as  Pro- 
fessor Foster  describes  takes  place.  One  material  will  act  upon 
the  other.  No  doubt  when  once  heat  is  developed  to  a  sufficient 
extent  chemical  action  begins  to  take  place,  and  in  the  proportion 
in  which  that  takes  place  it  is  an  assistance  in  the  reduction  of  the 
resistance  of  the  fiise.  No  doubt  the  action  is  twofold,  viz.,  the 
development  of  heat  and  the  development  of  chemical  action. 
That  no  doubt  explains  the  fact  that  when  these  fuses  have  been 
submitted  to  this  severe  ordeal  they  seldom  return  to  the  same 
condition  after  that  time. 


The  following  Paper  was  tlien  read : — 

NOTES    RELATING    TO    ELECTRIC    FUSES. 
By  Professor  Abel,  F.R.S.  Member  of  Council. 

In  an  interesting  paper  on  the  "  Electrical  Ignition  of  Explosives,"* 
communicated  to  the  Society  by  Lieut-Colonel  Stotherd,  R.K  in 
May,  1872,  that  Officer  pointed   out  that  the  earliest  practical 
application  of  electricity  to  the  explosion  of  submerged  charges  of 
gunpowder  was  made  by  Sir  Charles  Pasley,  who,  in  the  coarse 
of  operations  which  he  was  carrying  on  for  removing  the  wreck 
of  the  Royal  George   at  Spithead,   consulted  the   late   Professor 
Daniell  and  Sir  Charles  Wheatstone,  at  King's  College,  on  the 
subject,  the  result  being  the  employment  by  him  of  a  form  of 
Daniell's  battery  for  the  purpose  of  heating  to  redness,  or  fusing, 
a  platinum  wire  surrounded  by  gunpowder,  an  expedient  which 
appears  to  have  been  first  successfully  applied  a  few  years  pre- 
viously by  French  military  engineers. 

From  that  period  until  about  1860  the  wire-fuse  was  generally 

♦  Journal  of  the  Society  of  Telegraph  Engineers,  voL  i.  p.  209. 
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'egarded  in  this  country  as  the  only  reliable  means  for  exploding 
nines  by  electric  agency,  and  considerable  attention  was  given  to 
he  elaboration  of  appliances  suitable  for  carrying  out  such  opera- 
ions  by  the  Royal  Engineers,  more  especially  by  Colonel  Ward, 
vho  published  a  most  instructive  memoir  on  the  subject  in  1855,* 
ind  was  led,  by  systematic  experiments,  to  construct  a  form  of 
jrrove's  battery  as  the  most  suitable  exploding  agent  for  mining 
>peration8. 

In  1856  the  subject  of  the  application  of  electricity  to  the 
explosion  of  gunpowder  was  referred  for  experimental  investiga- 
ion  to  the  Ordnance  Select  Committee,  of  which  Colonel  Bain- 
)ridge,  R.E.,  Sir  Charles  Wheatstone,  and  I  were  then  members. 
Phe  practical  inconveniences  attending  the  employment  of  large 
T^oltaic  batteries  in  military  operations,  and  the  necessity  for  pro- 
riding  great  excess  of  power  in  consequence  of  the  want  of 
.constancy  of  batteries  suited- to  the  ignition  of  platinum  (or  iron) 
«riro  fuses,  gave  direction  to  the  investigations  which  were  com- 
nenced  by  that  Committee,  and  continued  by  Sir  Charles  Wheat- 
itone  and  myself. 

The  possibility  of  successfully  employing  electricity  of  high 
ension  as  the  exploding  agency  in  extensive  mining  and  military 
operations  had  already  been  demonstrated  by  Moses  Shaw,  by 
[Varrentrap  and  Gatzmann,  by  Charles  Winter,  by  Vcrdu,  du 
^oncel  and  Savare,  and  by  Von  Ebner.f  The  latter,  an  eminent 
officer  of  the  Austrian  Engineers,  who  was  one  of  the  earliest  to 
ipply  a  well-organised  system  of  subniarine  mines  to  the  defence 
of  harbours,  had  constructed  in  1855  a  frictional  electric  machine 
of  glass,  with  Leyden  jar  and  desiccating  arrangements,  specially 
lesigned  for  the  explosion  of  mines  in  military  operations.     This 

*  Inquiry  into  the  application  of  the  Toltaic  hattery  to  military  parposes,  hy 
I.  Ward,  Capt.  R.E.  Professional  Papers  of  the  Corps  of  Royal  Engineers,  toI.  ir. 
Tew  Series,  p.  113. 

f  The  employment  of  frictional  electricity  as  an  agent  for  exploding  gunpowder 
jst  suggested  itself  to  Franklin  in  1751  and  to  Priestley  in  1767.  Franklin,  in  his 
Letters  on  Electricity/'  (June  29th,  1751,)  describes  the  precise  method  of  operation 
3  be  pursued. 
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was,  however,  soon  superseded  by  a  very  portable  and  powerful 
frictional  machine,  constructed  of  ebonite,  under  Von  Ebner's  in- 
structions, by  Lenoir  of  Vienna  and  Messrs.  Siemens  of  Berlin, 
which  was  first  introduced  into  this  country  at  the  International 
Exhibition  of  1862,  and  was  adopted  for  a  time  by  the  Boyal 
Engineers  as  the  service  exploding  instrument  for  field  operations. 
The  investigations  commenced  by  Sir  C.  Wheatstone  and  myself 
in  1856  had  reference  to  the  further  development  of  the  applica- 
tion of  high-tension  currents,  as  obtained  with  electro-magnetic 
induction  coils  and  frictional  machines  (including  Armstrong's 
hydro-electric  machine),  to  the  explosion  of  mines,  and  especially 
to  the  utilisation  of  magneto-elBctric  induction  apparatus  in  the 
same  direction.*  The  production  of  a  highly  sensitive  and  other- 
wise efficient  fuse  for  employment  with  such  instruments,  as  well 
as  with,  other  high-tension  apparatus,  was  made  the  subject  of 
special  investigation  by  me,  in  which  I  received  most  valuable 
assistance  from  Mr.  E.  0.  Brown.  After  applying  gun-cotton 
and  various  other  highly  sensitive  compounds  and  preparations  as 
the  priming  (6r  vehicles  for  ignition)  of  such  fuses,  the  ultimate 
result  was  the  production  of  the  high-tension  phosphide  of  copper 
fuse  specially  referred  to  in  Colonel  Stotherd's  paper,  through  the 
agency  of  which  even  small  voltaic  piles  and  so-called  galvanic 
chains,  as  well  as  the  simple  forms  of  magneto-electric  machines 
manufactured  for  medical  purposes,  became  available  for  the 
explosion  of  mines.  A  very  efficient  magneto-electric  exploding 
machine  was  also  devised  by  Sir  C.  Wheatstone,  by  means  of  which 
a  large  number  of  those  fuses  could  be  exploded  in  divided  curcoit 
with  such  rapidity  as  to  have  the  practical  effect  of  simultaneous 
explosions  in  operations  on  landy  and  which  served  as  the  founda- 
tion for  the  construction  of  other  instruments  of  the  same  class, 
though  differing  somewhat  as  regards  the  quality  of  the  ourrenti 
they  developed,  such  as  those  of  Beardslee,  Breguet,  Browning, 
Marcus,  and  Ladd.     Although  the  highly  sensitive  character  of  the 

*   Vide  Report  to  the  Secretary  of  State  for  War  on  the  application  of  electricitj 
to  the  explosion  of  ganpowder,  by  Wheatstone  and  Abel,  Not.  1860.  Eyre  and  Spd- 

tiswoode,  18C1. 
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phosphide  of  copper  fiise,  the  construction  of  which  has  been  suf- 
ficientlj  described  to  the  Society  in  Colonel  Stotherd's  paper,  has 
rendered  it  very  valoabley  and  superior  to  other  fuses  of  similar 
nature,  such  as  those  of  Statham,  Von  Ebner,  and  Beardslee,  as  a 
mettns  of  exploding  mines  and  groups  of  mines,  both  land  and  sub- 
marine, its  veiy  sensitiveness  became  an  obstacle  to  its  employment 
with  confidence  in  mbmarine  mines,  as  pointed  out  by  Colonel 
Stotherd.  I  was  therefore  recently  led  to  devise  a  modification  of 
the  high-tension  fuse,  specially  designed  for  use  in  submarine  mines, 
which  has  also  been  described  in  Colonel  Stotherd's  paper,  and 
which,  while  possessing  the  requisite  sensitiveness  to  ignition,  has 
been  proved  by  ample  experiments  to  sustain  with  absolute  safety  the 
transmission  of  any  test-currents  to  which  it  may  be  necessary  or 
desirable  to  submit  them. 

Military  engineer^  and  others  were  not  slow  to  avail  themselves 
extensively  of  the  advantages  afforded  by  the  sensitive  high-tension 
(phosphide  of  copper)  fuse  in  dispensing  with  the  necessity  for 
employing  cumbrous  and  troublesome  batteries,  and  in  rendering 
the  success  of  exploding  operations  independent  of  distance  and  of 
good  metallic  connections.  While,  however,  these  important  facilities 
which  the  tension  fuse  afibrded  were  accepted  somewhat  as  a 
matter  of  course,  some  failures,  experienced  with  them  &om  time 
to  time,  chiefly  in  consequence  of  the  application  of  particular 
forms  of  them  to  uses  for  which  they  were  not  designed,  have  led 
to  their  somewhat  hasty  condemnation  by  some  who  gladly  benefitted 
in  the  first  instance  by  their  valuable  properties,  and  who  have 
ascribed  altogetJier  to  a  want  of  stability  and  trustworthiness  of  the 
fiise  results  which  were  at  any  rate  in  great  measure  ascribable  to 
a  want  of  sufiicient  foresight  or  consideration  on  the  part  of  those 
who  employed  them.  Thus  the  high-tension  ffun-tubey  which  was 
specially,  and  it  may  be  said  exclusively,  devised  for  the  proof  of 
cannon  at  Woolwich  and  for  employment  in  experimental  artillery 
practice  in  this  country,  is  of  very  simple  and  light  construction, 
consisting  of  a  porous  wooden  head  containing  the  electric  fuse 
itself,  with  a  quill  charged  with  the  priming  powder  fitted  into  it, 
without  any  special  care.     Such  a  contrivance  is  obviously  not  at 
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all  adapted  to  resist  penetration  of  moisture  to  the  interior  if  kept 
in  a  damp  atmosphere  for  any  length  of  time,  and,  although  the 
ingredients  of  the  phosphide  priming  composition*  inclosed  in  the 
wooden  head  are  stable  in  themselves,  and  have  as  little  tendency 
to  cliango  when  intimately  mixed  together,  the  mixture  being  kept 
dry  J  the  absorption  of  moisture  by  it  must  inevitably  result  in  some 
chemical  change,  which  in  time  prejudicially  affects,  and  may 
altogether  destroy,  the  original  properties  of  the  materiid.  In  the 
same  way,  the  detonating  composition  in  friction  gun-tubes  has 
been  found  to  have  become  completely  deteriorated  by  their  being 
kept  in  damp  climates  or  localities,  there  being  this  difference 
between  the  two,  that,  as  the  electric  priming  composition  is  of  a 
comparatively  delicate  nature,  it  is  the  most  rapidly  affected.  Now, 
these  electric  gun-tubes  were  adopted  for  the  simultaneous  firing 
of  guns  on  board  ship,  without  any  question  as  to  whether  their 
construction  was  of  a  nature  to  enable  them  to  resist  the  effects  of 
damp  to  which  they  must  necessarily  be  subject  at  sea  and  in 
different  climates ;  the  consequent  occurrence  of  some  failures  with 
them,  which  were  however  by  no  means  always  clearly  traced  to 
the  gun-tubes  themselves,  has  resulted  in  the  expression  of  some 
strong  opinions  adverse  to  the  general  eflSciency  of  the  high-tension 
fuse.  The  same  description  of  electric  gun-tube,  manufactured  for 
use  in  the  firing  of  time-guns,  appears  to  have  found  its  way  to 
America  for  employment  in  submarine  mines  during,  the  war, 
probably  without  even .  the  adoption  of  the  obvious  precaution  of 
preserving  the  tubes  in  properly  constructed  packages ;  and  because, 
afler  several  years,  these  are  found  to  have  become  useless,  they 
are  referred  to  as  affording  absolute  proof  of  the  unfitness  of 
tension  fuses  for  employment  in  submarine  mines.t  While  there 
is  no  question  that  the  priming-mixture  used  as  the  igniting 
medium  in  a  phosphide  high-tension  fuse  is  liable  to  deterioraticm 
if  moisturb   have  access   to  it,  there  is  no  difiiculty  in  so  oon- 

*  The  subphosphide  of  copper  and  snbsalphide  of  copper  are  prepared  at  hi^ 
temperatures,  by  special  processes,  by  which  their  stability  is  secured. 

t  Paper  by  N.  J.  Holmes  on  Torpedoes,  read  before  the  Society,  11th  Febmaiy, 
1874. 
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stmctiiig  the  fiises  or  gun-tubes  tliemselves  as  to  render  the 
penetration  of  moisture  to  the  interior  almost  impossible ;  hence 
the  objection  raised  against  their  employment  because  certain 
fiises  have  suffered  from  the  effects  of  climate  in  no  way  affects  the 
real  question  of  the  permanent  efficiency  of  a  properly  constructed 
tension  fuse.  It  is  obvious  that,  in  an  electric  fuse  constructed  of 
platinum  or  other  wire,  the  primary  igniting  agent  namely,  the 
wire,  is  not  at  all  susceptible  of  deterioration  by  the  effects  of 
moisture,  but  the  same  cannot  be  said  of  the  gun-cotton  preparation 
or  other  sensitive  explosive  substance  with  which  it  is  necessary  to 
surround  the  wire  in  order  to  render  the  fuses  sufficiently  delicate 
for  present  requirements ;  hence  it  is  equally  essential  to  the  per^ 
manent  efficiency  of  low-tension  or  wire  fuses  that  they  should  be 
careftilly  constructed  with  the  view  of  precluding  the  possibility  of 
penetration  of  moisture  to  their  interior,  otherwise  they  will  cer- 
tainly be  found  to  exhibit  a  similar  liability  to  deterioration  to  that 
for  which  high-tension  fuses  have  been  condemned  in  several 
quarters. 

A  really  valid  objection  to  the  employment  of  the  phosphide  of 
copper  tension  fuse  in  submarine  mines  has,  however,  already 
been  referred  to,  as  pointed  out  by  Colonel  Stotherd,  namely, 
its  liability  to  considerable  alterations  in  conductivity  by  being 
frequently,  or  for  long  periods,  submitted  to  even  feeble  test- 
currents,*  and  the  possibility  of  its  accidental  ignition  by  passing 
through  it  such  comparatively  powerful  test-  or  signal-currents  as  it 
may  be  found  necessary  to  employ  in  conjunction  with  an  efficient 
system  of  submarine  mines.  The  new  tension  fuse,  specially 
devised  by  me  for  use  in  submarine  mines,  is,  as  already  stated, 
quite  firee  from  the  latter  defect,  and,  though  its  conductivity  is  by 
no  means  unaffected  by  the  long-continued  transmission  of  test- 
currents  through  it,  the  changes  to  which  it  is  liable  in  this  respect  - 
have  been  found,  so  far  as  present  experience  goes,  not  to  affect  its 
efficiency.     . 

A  second  objection,  the  validity  of  which  can  scarcely  be 
doubted,  though  it  has  perhaps  not  yet  been  sufficiently  established 
by  positive  results,  applies  to  all  descriptions  of  fuses  arranged  for 
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ignition  bj  high-tension  electrioiiy.  -  This  consists  in  a  possibility 
of  their  accidental  ignition  by  currents  induced  in  insulated  cables 
during  thunderstorms  or  less  violent  atmospheric  electrical  dis- 
turbances. It  has  been  amplj  demonstrated  by  experiment,  and 
by  results  obtained  in  military  service  operations,  that  if  insulated 
wires  immersed  in  water,  buried  in  the  earth,  or  even  extended  on 
the  ground,  are  in  suiBcient  proximity  to  one  another,  each  cable 
being  in  circuit  with  a  high-tension  fuse  and  the  earth,  the  explo- 
sion of  any  one  of  the  fuses  by  a  charge  from  a  Leyden  jar,  or  from 
a  Dynamo-electric  machine  of  considerable  power,  may  be  attended 
by  the  simultaneous  ignition  of  the  fuses  attached  to  adjacent 
cables,  which  are  not  connected  with  the  source  of  electricity,  but 
which  become  charged  by  the  inductive  action  of  the  transmitted 
current  to  a  sufiScient  extent  to  produce  this  result  Such  being 
the  case,  it  appears  very  possible  that  insulated  cables  extending  to 
land  or  submarine  mines,  in  which  high-tension  fuses  are  inclosed, 
may  become  charged  inductively  during  violent  atmoBpheric  elec- 
ti'ical  disturbances  to  such  an  extent  as  to  lead  to  the  accidental 
explosion  of  mines  with  which  they  are  connected.  Mr.  G.  E. 
Preece,  in  the  interesting  paper  on  underground  telegraphs  whid 
he  communicated  to  this  Society,*  gives  an  instance  of  the  induetiTe 
effects  of  lightning  discharges  upon  underground  cables  indoied  ii 
pipes,  the  persons  engaged  in  the  operation  of  jointing  the  wirei 
during  a  storm  having  seen  sparks  pass  between  the  bare  joint  of  tbi 
wires  and  the  joint-box  against  which  they  were  resting.  In  a  dis- 
cussion which  followed,  I  believe,  upon  that  paper,  Mr*  Variey  and 
Mr.  Latimer  Clark  both  referred  to  personal  experience  of  the  in- 
ductive charging  of  cables,  both  underground  and  submarine,  and, 
although  the  lengths  of  cables  used  in  mining  operations  are  quits 
insignificant  when  compared  with  the  shortest  telegraph  cables  to 
which  the  observations  of  those  gentlemen  refer,  the  senaitivoiess  of 
high-tension  fuses  to  ignition  fully  justifies  the  donbta  at  prawnt 
entertained  whether  their  use  may  not  be  attended  by  a  possibility  of 
serious  risk  of  accident,  or,  at  any  rate,  of  the  unintentional  explotioD 
of  mines  placed  in  position  for  purposes  of  defidnce,  espeoialljr  in 

♦  Journal  of  the  Society  of  Telegraph  Engineer!,  toI.  ii.  p.  8S7. 
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climates  where  very  violent  electrical  disturbances  ""are  of  frequent 
occurrence.  Apprehensions  of  this  nature  were  entertained  by  Baron 
von  Ebner,  and  in  a  Report  by  that  Officer  on  the  defence  of  Venice, 
Pola,  and  Lissa,  by  submarine  mines,  in  1866,  he  refers  to  the  acci- 
dental explosion  of  one  of  a  group  of  sixteen  mines  during  a  heavy 
thunderstorm,  as  well  as  to  the  explosion  of  some  mines  in  the 
harbour  of  Pola,  by  the  direct  charging  of  the  cables,  through  the 
firing  station  having  been  struck  by  lightning.  It  was  to  avoid 
such  accidental  explosions  that  he  devised  an  ingenious,  but  com- 
plicated, circuit-closing  arrangement,  to  be  applied  in  the  submarine 
mines  themselves,  by  the  employment  of  which  the  fuses  in  the 
mine  were  only  brought  into  connection  with  the  cable  leading  to 
the  firing  stations  when  the  mine  was  struck  by  a  passing  ship. 

Two  instances  of  the  accidental  explosion  of  tension  fuses  by  the 
direct  charging  of  over-head  wires  during  lightning  discharges 
occurred  last  year  at  Woolwich,  and  a  fuse  connected  with  an 
over-head  insulated  wire  at  Chatham  was  also  exploded  accidentally 
last  summer,  though  whether  by  an  induced  charge  or  by  the  direct 
action  of  a  lightning  discharge  was  not  conclusively  demonstrated. 
Careful  arrangements  have  therefore  been  made  at  the  School  of 
Military  Engineering  for  the  purpose  of  obtaining  thoroughly 
reliable  evidence  on  this  most  important  subject,  and  the  observa- 
tions which  it  is  hoped  to  record  will  probably  serve  in  great 
measure  to  decide  whether  it  is  desirable  that  the  submarine  tension 
fuses  now  in  use  in  England  in  connection  with  torpedo  service 
should  be  replaced  by  low-tension  or  wire  fuses. 

The  latter  present  some  special  advantages  in  the  application  of 
electricity  to  the  simultaneotis  explosion  of  a  number  of  guns  on 
board  ship,  particularly  as  the  system  of  firing  most  readily  sus- 
ceptible of  efficient  application  is  by  branch  circuits.  The  subject 
of  the  construction  of  thoroughly  efficient  low-tension  fuses  and 
gon-tubes  has  therefore,  of  late,  received  careful  attention  by 
myself  and  other  Qt)vemment  officials  engaged  in  the  elaboration 
of  details  connected  with  the  service-applications  of  electricity,  and 
some  results  which  I  have  obtained  in  the  course  of  comparative 
experiments  on  the  electric  resistances  and  other  properties  of  wires 
of  di£ferent  materials,  chiefly  with  the  view  to  ascertaixv  \k^\T 
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relative  suitability  for  employment  in  electric  fuses,  have  been 
considered  by  some  of  my  colleagues  of  sufficient  general  interest 
to  warrant  their  communication  to  this  Society. 

The  highly  permanent  character  of  platinum,  combined  with  the 
comparatively  great  resistance  which  it  opposes  to  the  passage  of 
an  electric  current,  has  led  to  its  being  almost  exclusively  used 
until  quite  recently  as  the  material  for  the  construction  of  the 
bridge,  or  the  source  of  heat,  in  low-tension  fuses.  The  wire  of 
this  material  hitherto  used  in  the  production  of  fuses  for  military 
purposes  has  varied  somewhat  in  diameter,  and  the  resistance 
offered  by  it  is  not  very  high.  Its  average  diameter  is  about  (y*003, 
and  its  weight  1*65  grains  per  yard ;  its  resistance  is  equal  to  about 
31  Ohms,  per  yard ;  so  that  the  length  of  wire  which  has  generally 
been  introduced  into  the  construction  of  a  fuse  has  offered  a 
resistance  of  about  0*2  Ohm. 

With  the  view  of  ascertaining  how  far  the  sensitiveness  of  low- 
tension  fuses  could  be  increased  by  employing  thinner  wires  of 
platinum,  two,  much  finer  than  the  above,  were  procured ;  one  of 
these  had  a  diameter  of  C*0012,  and  weighed  0*4  grain  per  yard ; 
the  other,  which  was  the  finest  wire  procurable  with  existing 
appliances,  weighed  0*265  grain  per  yard,  and  had  a  diameter  of 
0'''0009.  Some  fuses  were  prepared  very  carefully  with  0"*2 
lengths  of  each  of  these  wires,  and  with  a  sample  of  the  coarser 
wire  ordinarily  used.  The  resistances  of  these  fuses  were  found  to 
be  as  follows  : — 

Doacriptioa 
of  Wire.  "  Serrice**  Wire.  Medium  Wire.  FlnettWin. 

Diameter     ....  (VOOS  0'-0012  0'-0009 

Weight  per  yard .    .  1-66  gm,  0*42  gm.  0-266  grn. 

Resistances  of  fuaea.  I     ^^    ^^    ^^^  <>*    ^'^    ^'^  ^77    0-76     0-72 

(0-2    0-2    0  2  0-4    0-4    04  0-66    0-70     0-60 

Employing  as  the  firing  battery  10  cells  of  a  modified  form  of 
the  Leclanch^  battery,  constructed  at  the  Silvertown  Telegraph 
Works,  the  following  results  were  obtained : — 

**  Senrice**  Wire.  Medlnm  Wire.        Flaeit  Wife. 
One  fnse  just  ignited  gnn-cotton  throngh      9  Qhms.        23  Ohms.  «  80*3I»  Ohms. 

Lengths  of  C'S  of  these  wires,  stretched  across  supports  of 
brass,  furnished  the  following  results  : — 
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"  Scrrlce  "  Wire.                 Medium  Wire.  finest  Wire. 

The  10.cell  **  Sflrer-  2  lengths  in  divided  4  lengths  in  divided  8  lengths  in  divided 

town "    batteiy          circuit  through           circuit  through  circuit  through 

fused                                 1-8  Ohm.                     2  Ohms.  2  Ohms. 

The  foregoing  results  show  that  the  "  medium  "  wire  already 
offers  important  advantages  over  the  "  service"  wire  when  applied 
as  a  bridge  in  fuses,  and  that,  approximately,  about  four  times  the 
amount  of  work  in  the  desired  direction  can  be  performed  by  a 
given  battery,  and  under  given  conditions,  through  the  agency  of 
the  finest  wire,  than  is  achievable  by  means  of  the  service  wire. 

It  was  found  decidedly  less  easy  to  make  up  the  finest  wire  into 
fuses  than  the  thickest  wire;  no  great  difficulty  was,  however, 
experienced,  after  short  practice,  in  attaching  it  to  the  fuse-terminals 
with  the  aid  of  solder.  It  was,  however,  not  so  easy  to  insure 
uniformity  in  the  length  of  wire  used  in  a  fuse  by  straining  the 
finest  wire  across  the  teiminals,  as  is  shown  by  the  comparatively 
great  variations  in  the  resistance  of  the  finest  wire  fuses.  There 
was  also  comparatively  great  risk  of  breaking  the  very  fine  wires 
in  attaching  the  gun-cotton  priming  to  them.  Still,  these  diffi- 
culties did  not  appear  so  formidable  as  to  constitute  vital  objections 
against  employing  the  very  fine  wire. 

In  continuing  the  experiments  with  fine  platinum  wires,  some 
apparently  anomalous  results  led  to  the  observation  that  the  wire, 
of  nearly  the  same  diameter,  supplied  at  difierent  times  by  one  and 
the  same  maker  (Messrs.  Johnson  and  Matthey),  presented  very 
marked  difierences  in  conductivity.  Several  specimens  of  wires 
of  various  diameters,  received  at  different  times,  were  submitted 
to  comparative  examination ;  one  of  these  being  taken  as  a 
standard  for  comparison,  the  following  differences  in  their  elec- 
trical resistances  were  observed : — 

v^  0^  w«i»K#i«»*.  p..i«f.n/^  Calculated  rettotance 

Ho,  of  Wdghtlngn.  ^S^^  taking  No.  I  as  Diffewnce. 

per  yard.  per  jard.  rtidard. 


1  0-268  136-7  Ohms.  136*7  Ohms. 

2  0-280  147       „  130-9  „  +161 

3  0-36  126        „  101-8  „  +'24-2 

4  0-41  100       „  89-3  „  H-10-7 
6  0-94  52-2    „  390  „  +132 

6  1-33  42-9     „  27-56  „  +16-35 

7  1-34  31-4     „  27-34  „  +    406 

8  1-65  2116  „  22-20  „  -    V05 

VOL.  in.  T 


278  NOTES  RELATING  TO  ELECTRIC  FUSES.  [13th  May, 

It  will  be  seen  from  these  numbers  that  the  variations  in  the 
resistance  of  the  metal  are  very  considerable  ;  thus  the  resistance  of 
No.  2  wire  should  be  somewhat  lower  than  that  of  No.  1,  which  is 
a  slightly  finer  wire,  but  it  is  actually  5*8  Ohms,  per  yard  higher, 
and  a  still  greater  difference  in  the  same  direction  exists  between 
wires  2  and  3.  Nos.  6  and  7,  which  are  very  nearly  alike  in 
weight,  also  differ  very  considerably  from  each  other  in  conduc- 
tivity. No.  6  weighs  only  001  grn.  per  yard  less  than  No.  7,  but  its 
resistance  is  11*5  Ohms,  per  yard  higher.  Again,  No.  6  weighs  only 
0*32  grn.  per  yard  less  than  No.  8,  but  its  resistance  is  almost 
double  that  of  the  latter.  Although  it  was  obvious  that  such  great 
differences  as  these  could  not  be  due  to  the  wires  having  been 
annealed  in  some  cases  and  not  in  others,  the  effect  of  annealing 
was  tried  upon  Nos.  6  and  7 ;  the  resulting  alteration  in  resistance 
was  nearly  the  same  in  both  cases,  that  of  No.  6  being  reduced 
0*4  Ohm.  and  that  of  No.  7,  0*5  Ohm.  per  yard. 

These  great  differences  in  the  conductivity  of  different  platinum 
wires  might  obviously  be  due  to  one  or  other,  or  to  a  combination, 
of  two  causes,  namely,  a  difference  in  the  purity  or  in  the  structure 
of  the  metal.     The  quantities  of  the  different  wires  at  my  disposal 
were  insuflScient  for  me   to   attempt  any  comparative   chemical 
examination  of  them,  but  I  am  informed  by  Messrs.  Johnson  and 
Matthey  that  very  decided  variations  in  the  degree  of  purity  of  the 
metal  ordinarily  used  for  conversion  into  wire  may  undoubtedly 
exist;  and  when  it  is  borne  in  mind  that  one  of  the  metals  associated 
with  platinum,  and  the  one  perhaps  most  diifioult  of  complete 
removal,   namely,    iridium,   reduces   its   conducting  power  in  a 
remarkable  degree,  it  may  not  be  difficult  to  account  for  the  varia- 
tions in  the  electric  resistances  of  wires  produced  at  different  times, 
by  a  difference  in  chemical  quality  alone.      In  order  to  ascertain, 
however,  whether  those  variations  might  also  be  ascribable  in  some 
measure  to  differences  in  the  stnicture  or  density  of  the  metal,  I 
obtained  from  Messrs.    Johnson  and   Matthey  some   samples  of 
platinum    wire   drawn   from   the   fused    metal   and   from   forged 
platinum-sponge  (or  precipitated  metal),  the  latter  being  the  material 
always  employed  in  the  production  of  wire.   The  differences  between 
the  conductivity  of  these  wires  was  remarkable,  that  of  the  ^vires 
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drawn  from  one  and  the  same  piece  of  fused  metal  being  little 
more  than  half  the  eondactivity  of  the  wires  made  from  forged 
sponge.  On  comparing  their  electric  resistances  with  that  of 
No.  1  specimen  in  the  table  just  now  given,  the  numbers  are  as 
follows : — 


Weight  in  grs. 
per  yard. 

Resistance  per 
yard. 

No.  1  specimen  (annealed) 

0-268 

136-7  Ohms. 

Wire  from  forged  sponge  (annealed) 

0-268 

126-6     „ 

Wire  from  fased  metal  (annealed) 

0-268 

228-1     „ 

The  resistances  of  hard-drawn  wires  from  the  same  specimens  of 
metal  were  slightly  higher. 

The  above  difference  is  no  doubt  to  some  extent  ascribable  to  the 
[lifference  between  the  specific  gravities  of  the  fused  metal  and  the 
forged  sponge.  Deville  and  Debray  assign  to  fused  platinum  (not 
Forged)  a  density  of  21*15,  while  that  of  hammered  platinum  is 
Sxed  (by  WoUaston)  at  21*25  ;  but  the  specific  gravity  of  platinum 
Irawn  to  very  fine  wire  is  stated  on  the  latter  authority  to  be 
il'5;  and,  although  this  number  is  probably  too  high,  being  obtained 
I  good  many  years  ago  (when  the  separation  of  platinum  from  its 
issociate  metals  was  but  imperfectly  elaborated),  there  can  be  no 
juestion  that  the  process  of  drawing  into  fine  wire  must  condense 
ho  metal  to  so  considerable  an  extent  as,  at  any  rate,  greatly  to 
reduce  the  difference  with  respect  to  density  and  consequent  con- 
iuctivity  between  the  ftised  metal  and  the  forged  sponge. 

With  a  view  to  ascertain  whether  the  electrical  resistances  of 
platinum  wires  produced  from  sponge-metal  of  the  same  degree  of 
purity,  but  forged  to  different  extents,  presented  any  important 
iifferences,  Messrs.  Johnson  and  Matthey  very  obligingly  prepared 
For  me  the  following  samples.  A  piece  of  soft  welded  platinum 
>f  high  chemical  quality,  measuring  3'^  x  2'^  +  l'^,  was  forged  into 
I  piece  about  6  inches  long  and  1  inch  square,  weighing  between  70 
ind  80  .ounces.  One-third  of  this  bar  was  drawn  into  wire  No.  1, 
irliilst  the  remainder  was  reduced  by  forging  to  a  bar  0'''5 
square ;  part  of  this  was  drawn  into  wire  No.  2,  and  the  other 
K>rtion  was  submitted  to  further  forging,  till  it  was  reduced  to  a 
)ar  0'''*25   square,  from  which  a  wire  No.   3,  corresponding  in 

t2 
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diameter  to  the  two  others,  was  drawn.  The  resistances  of  tliese 
wires  were  compared,  and  the  specific  gravities  of  the  three  difter- 
ently  forged  pieces  of  the  same  metal  were  determined  by  means  of 
large  samples  (weighing  about  one  pound  each),kindlylentmeforthe 
purpose  by  Messrs.  Johnson  and  Matthey.  The  numbers  obtained 
were  as  follows : 


No.  1 

Diameter  of 
Wire. 

0'0225 

Resistance 
per  yard. 

0-463  Ohma. 

Spedfle  Gravity  of 
the  forged  samples. 

21-32 

„    2 

0'0226 

0-449      „ 

21-34 

,.    3 

0'022 

0-452      „ 

21-32 

From  these  results  it  would  appear  that  very  considerable  dif- 
ferences in  the  amount  of  forging  which  the  metal  had  received 
did  not  affect,  to  any  important  extent,  either  its  specific  gravity  or 
the  conductivity  of  the  wire  drawn  from  it.  It  is  somewhat 
curious  that  No.  2  sample  should  be  slightly  denser  than  No.  3, 
which  had  been  more  highly  forged,  but  it  is  also  interesting  to 
observe  that  this  slight  difference  in  density  accorded  with  a  differ- 
ence in  conductivity  between  Nos.  2  and  3.  When  portions  of 
the  same  samples  of  metal  were  drawn  to  much  finer  wires  this 
slight  difference  disappeared,  as  shown  by  the  following  numbers : 


Diameter. 

Weight  per  yard. 

Resistance  per  yard 

No.  1 

0-0014 

0-42  grs. 

87*5  Ohms. 

.,    2 

00014 

0-42    „ 

87-6      „ 

,.    3 

00014 

0-42     „ 

87-6      „ 

The  sample  oi fused  metal,  from  which  the  wire  just  now  spoken 
of  as  presenting  a  very  high  resistance  had  been  prepared,  was  found 
to  have  a  specific  gravity  of  2r09,  a  number  which  would  apparently 
account  completely  for  the  low  conductivity  of  the  wire  produced  firom 
this  metal.  As,  however,  the  density  was  decidedly  lower  than  that 
assigned  to  fused  platinum  by  Deville  and  Debray  (21*15),  who 
doubtless  experimented  with  a  very  pure  sample  of  metal,  I  wm 
disposed  to  believe  tliat  the  low  result  was  in  part  due  to  impuri- 
ties in  the  platinum.  Mr.  G.  Matthey,  while  coinciding  in  this 
opinion,  furnished  me  with  a  wire  prepared  from  absolutely  pure 
sponge,  melted.  This  metal  had  been  submitted  to  considerable 
forging — to  my  great  regret,  as  its  original  specific  gravity  conM 
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not  be  ascertained ;  that  of  Uie  forged  mass  (a  piece  weighing  about 
2  lb.)  was  21*39,  being  therefore  slightly  above  that  of  the  samples 
of  forged  sponge  of  high  commercial  quality.  The  resistance  of 
the  sample  of  wire  from  this  pure  metal  was  decidedly,  though  not 
greatly,  higher  than  that  produced  from  the  forged  sponge  of  very 
good  commercial  metal,  although  the  specific  gravity  of  the  latter 
was  somewhat  the  lowest,  as  is  shown  by  the  following  numbers : 

Description  of  Win.  Diameter.  Weight  per  yard.  Resistance  per  yard. 
Made  from  forged  sponge  of 

high  commercial  quality        .  0**0014              0*42  grs.              87*5  Ohms. 

Made  from  pare  fused  sponge  .  0''0014              0*426  „                88*9    „ 
Obtained  from  the  makers  in 

the  ordinary  coarse        .       .  0'*0014              0*41    „                89*3    „ 

I  have  added  to  this  comparative  statement  the  results  Aimished 
by  one  of  the  wires,  supplied  in  the  ordinary  course,  which 
appeared  to  be  similar  in  purity  (as  regards  the  existence  of 
iridium)  to  the  experimental  wires  prepared  from  the  forged 
sponge.  It  will  be  seen  that  the  wire  in  question  is  somewhat  less 
heavy  than  either  of  the  other  wires,  and  that  its  resistance  is  also 
somewhat  higher. 

It  appears  to  be  clearly  established  by  the  foregoing  experiments 
that  the  conductivity  of  such  Jine  platinum  wires  as  are  employed 
in  the  construction  of  electric  fiises  is  but  slightly  affected  by 
physical  differences  in  the  metal  from  which  they  are  produced, 
and  that  the  considerable  variations  observed  in  the  electric 
resistances  of  commercial  samples  of  fine  wires  are  ascribable  to 
variations  in  the  chemical  quality  or  degree  of  purity  of  the  metal. 

In  the  course  of  my  experiments,  bearing  on  the  application  of 
fine  wires  to  the  production  of  comparatively  sensitive  low-tension 
fuses,  it  was  brought  to  my  notice  by  Lieut  Bucknill,  RE.,  that 
Mr.  Farmer,  of  the  United  States,  who  has  recently  devoted  much 
attention  to  the  improvement  of  appliances  for  the  explosion  of 
mines,  had  applied  German  silver  wire  to  the  construction  of  low- 
tension  fuses  with  very  promising  results.  I  therefore  procured 
from  Messrs.  Johnson  and  Matthey  a  fine  wire  of  that  material  for 
preliminary  experiment.     The  diameter  of  this  wire  was  0'''0012, 
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and  it  weighed  01 4  grn.  per  yard.  Six  fuses,  fitted  with  (/'  2  of 
this  wire,  presented  the  following  resistances:  1*15,  1*2,  1*3,  1*34, 
1*3,  1*4.  One  such  fuse  just  ignited  gim-cotton  through  35*40 
Ohms.,  with  employment  of  the  10-cell  "Silvertown"  Leclanche 
battery;  and  eight  lengths  of  0''*3,  in  divided  circuit,  fixed  between 
brass  pillars,  were  fused  through  two  Ohms.  This  wire,  therefore, 
ranked  about  equal,  as  a  material  for  fuses,  to  the  finest  platinum 
wire  experimented  with.  I  also  made  some  preliminary  experiments, 
furnishing  about  equally  promising  results,  with  a  wire  of  the  alloy 
of  about  33  parts  of  platinum  with  66  of  silver,  which  was 
adopted  by  Matthiessen  for  the  reproduction  of  the  standard  of 
electrical  resistance.  The  idea  of  applying  this  alloy  to  the  con- 
struction of  low-tension  fuses  was  first  entertained  by  Commander 
J.  Fisher,  RN.,  who  was  led  to  expect,  from  Matthiessen's  pub- 
lished statements,  that  its  electric  resistance  would  be  greatly 
superior  to  that  of  German  silver,  which  were,  however,  not  borne 
out  by  the  comparative  experiments  instituted. 

With  the  view  of  ascertaining  whether  wires  of  either  of  these 
alloys  presented  decided  advantages  over  fine  platinum  wire  as  a 
material  for  the  construction  of  low-tension  fuses,  I  obtained  jfrom 
Messrs.  Johnson  and  Matthey  two  series  of  wires,  the  one  con- 
sisting of  wires  of  equal  diameters,  of  platinum,  German  silver, 
and  platinum-silver,  corresponding  to  the  "  medium ''  platinum 
wire  previously  experimented  with,  the  other  series  also^'including 
wires  of  the  three  materials,  but  of  as  small  a  diameter  as  could  be 
procured  with  existing  appliances.  These  wires  were  submitted  to 
experiment,  which  it  was  endeavoured  to  render  pretty  stricdy 
comparative,  though  it  was  difficult  to  guard  against  occasional 
discrepancies  due  to  slight  fiuctuations  in  the  power  of  the  batteries 
used  in  successive  experiments. 

The  diameters,  weights  per  yard,  and  electrical  resistances  of  th^ 
several  wires  having  been  ascertained,  it  was  next  determined 
through  what  resistances  one  or  more  lengths  of  (/''S  of  each  wire, 
supported  between  brass  pillars,  were  fused,  or  heated  short  of 
fusion,  or  to  a  sufficient  degree  to  ignite  gun-cotton,  by  means  of 
two  forms  of  the  Leclanche  battery,  both  coupled  up  for  tension ; 
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one  being  the  "  Silvertown  "  pattern  already  referred  to,  and  the 
other  a  battery  constructed  for  the  special  purpose  of  firing  a  large 
number  of  fuses  simultaneously  through  divided  circuits  of  different 
lengths.     The  results  obtained  are  given  in  Table  I. 


The  conclusions  arrived  at  from  these  experiments  are  as 
follows : — 

1.  Both  the  German  silver  and  the  platinum-silver  alloy  are 
greatly  superior  to  platinum  in  regard  to  the  resistance  opposed 
to  the  passage  of  a  current,  and  the  heat  consequently  developed  in 
giving  lengths  of  wires  of  a  particular  diameter. 

2.  German  silver  is,  in  its  turn,  superior  in  this  respect  to  the 
platinum-silver  alloy,  as  is  especially  apparent  in  the  finest  wires. 
This  superiority,  though  very  marked  in  considerable  lengths 
of  wires  of  the  same  diameter,  is,  however,  only  trifling  in 
short  lengths  ;  the  comparatively  ready  fusibility  of  the  platinum- 
silver  wire  contributing,  with  other  physical  peculiarities  of  the  two 
alloys,  to  reduce  the  fine  German  silver  wire  to  about  a  level  with 
it,  and  sometimes  even  to  a  somewhat  lower  level,  as  regards  the 
thermal  efiects  produced.  Some  slight  influence  in  this  direction 
may  perhaps  also  have  been  exerted,  in  these  particular  experi- 
ments, by  the  greater  cooling  power  exerted,  by  the  brass  supports 
between  which  the  wires  were  fixed,  upon  the  German  silver  wire 
of  comparatively  low  specific  gravity. 

In  selecting  a  wire  for  the  construction  of  low-tension  fuses,  its 
power  to  resist  corrosion  when  in  intimate  contact  with  gunpowder, 
or  other  substance  employed  as  the  igniting  medium  in  such  ftises, 
especially  if  some  moisture  should  be  accidentally  absorbed  by 
them,  possesses  an  important  bearing  upon  its  permanent  efficiency. 
In  Matthiessen's  Report  on  the  appUcation  of  platinum-silver  wire 
to  the  preparation  of  standard  resistance-coils,  it  is  stated  not  to 
oxidise  by  exposure  to  air ;  it  has,  however,  been  observed  to  do  so 
gradually,  to  the  extent  of  becoming  tarnished,  and  as,  with 
extremely  fine  wires,  a  very  superficial  oxidation  might  appreciably 
affect  the  resistance  of  fuses  constructed  with  them,  it  was  thought 
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desirable  tx)  ascertain  by  actual  experiment,  of  a  somewhat  severe 
nature,  the  power  of  such  wires  to  resist  corrosion  in  comparison 
with  German  silver  wire.  It  was,  of  course,  unnecessary  to  ex- 
periment with  platinum  wire  in  this  direction.  Wires  of  the  two 
alloys,  about  eight  inches  long,  were  inclosed  in  glass  tubes,  and 
each  wire  was  surrounded  closely  by  gunpowder  and  gun-cotton 
in  the  ordinary  air-dry  condition ;  one  of  each  being  also  simply 
inclosed  in  air,  for  purposes  of  comparison.  In  addition,  a  length 
of  about  two  inches  of  each  kind  of  wire  was  buried  in  wet  gun- 
powder, the  extremities  being  allowed  to  protrude  sufficiently  for 
testing  purposes.  The  resistances  of  these  specimens  were  periodically 
examined,  and  the  numerical  results  of  those  observations  are  given 
in  Table  IL 

The  slight  fluctuations  exhibited  in  two  or  three  instances  in  the 
resistance-measurements    of   the    fine    and    comparatively  light 
German  silver  wire  in  the  foregoing  observations  are  no  doubt 
ascribable  to  the  effects  of  fluctuations  of  temperature,  which  did 
not  influence  the  readings  obtained  with  the  platinum-silver  wire, 
its  conductivity  being  less  affected  by  changes  of  temperature  than 
that  of  any  alloy  experimented  upon  by  Matthiessen.      In  all  three 
experiments  with  the  German  silver  wires  inclosed  in  tubes  there 
were  indications  of  very  slight  superficial  oxidation,  as  demonstrated, 
by  the  permanent,  though  small,  increase  in  the  resistance  of  thes® 
wires,  which,  in  the  case  of  its  exposure  to  contact  with  gun-cottoo^ 
continued  very  gradually  up  to  the  forty-first  day,  when  it  becan^^ 
stationaty.     The  resistance  of  the  platinum-silver  wires  in  gla^ 
tubes  remained  constant  throughout 

The  exposure  of  the  wires  to  contact  with  wet  gunpowder  ha.^ 
afforded  very  marked  evidence  of  the  greater  liability  of  the  Grerm^^ 
silver  wire  to  corrosion ;  at  the  same  time  it  must  be  borne  if 
mind  that  this  test  far  exceeds  in  severity  any  conditions  undc^ 
which  fuses  constructed  with  wire  bridges  would  be  likely  to  b^ 
preserved  in  actual  practice.  It  will  bo  seen  that  the  platinum^ 
silver  wire  remained  unaffected  by  this  test  thirty-two  days  afle  'J 
the  continuity  of  the  German  silver  wire  had  been  destroyed  b^ 
corrosion.     The  great  influence  of  the  charcoal  in  the  gunpowdet^ 
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in  promoting  corrosion  in  its  capacity  as  an  electrolyte  is  interest- 
ingly demonstrated  by  the  fact  tliat  tlie  German  silver  wire 
remained  buried  for  twenty-two  days  in  wet  saltpetre  without 
undergoing  great  oxidation  (which  oxidation  did  not  progress  after 
that  time),  while  the  wire  which  was  buried  in  wet  gunpowder  was 
destroyed  by  corrosion  within  six  days. 

The  foregoing  comparative  experiments  appear  to  warrant  the 
conclusion  that  a  wire  consisting  of  the  alloy  composed  of  about 
66  parts  of  silver  and  33  of  platinum  is  not  only  superior  to  a 
platinum  wire  of  considerably  smaller  diameter  as  regards  the 
resistance  it  offers  to  the  passage  of  an  electric  current,  but  that  it 
is  also,  practically,  quite  equal  in  this  respect  to  a  German  silver 
wire  of  the  same  diameter,  and  is  at  the  same  time  greatly  superior 
to  the  latter  in  its  power  to  resist  corrosion. 

In  selecting  the  platinum-silver  alloy  as  the  material  for  the 
reproduction  of  standards  of  electrical  resistance,  Matthiessen 
referred  (in  his  Report  to  the  British  Association  Committee)  to 
certain  other  advantages  which  it  possesses,  besides  its  low  conduct- 
ing power  and  its  comparative  freedom  from  liability  to  oxidation, 
namely,  the  slight  extent  to  which  its  electrical  resistance  is  altered 
by  changes  of  temperature  and  its  unalterability  in  this  respect  by 
exposure  for  several  days  to  100°  C.  These  properties,  though 
valuable  with  respect  to  its  application  as  a  trustworthy  material 
for  furnishing  delicate  measurements  of  electrical  resistances,  do 
not  practically  enhance  its  value  as  a  material  for  the  construction 
of  fuses.  German  silver  ranks  very  little  below  it  as  regards 
the  slight  extent  to  which  its  conductivity  is  affected  by  changes 
of  temperature  (the  increment  in  the  resistance  of  the  latter,  due  to 
elevation  in  temperature  from  0°  to  100°,  being  4*4  per  cent.,  and 
that  of  the  platinum  silver  alloy  3*2  per  cent.).  The  alloy  which, 
among  many  experimented  with  by  Matthiessen,  was  most  affected 
in  its  conductivity  by  changes  of  temperature  sustained  an  incre- 
ment of  resistance  of  28  per  cent,  in  passing  from  0°  to  100^ ;  but 
the  slight  alteration  in  resistance  which  the  short  piece  of  wire 
(C'25  or  0'''3)  in  a  fuse  made  even  with  this  alloy  could  sustain 
from  extreme  fluctuations  of  atmospheric  temperature  would  be  of 
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no  practical  importance,  being  far  exceeded  by  the  accidental  varia- 
tions in  the  resistances  of  fuses  made  with  fine  wire,  which  are 
unavoidable  in  their  manufacture,  as  will  be  presently  shown. 
The  platinum  silver  wires  differ,  however,  in  one  respect  very 
decisively  from  the  other  wires  at  present  referred  to  as  a  means 
of  electrical  ignition,  namely,  in  being  much  more  readily  fusible; 
and  it  appears  not  improbable  that  this  peculiarity  gives  to  wires  of 
this  alloy  a  decided  advantage  over  those  of  platinum,  and  of  an 
alloy  of  that  metal  to  be  presently  mentioned,  in  their  special 
application  to  the  simultaneous  explosion  of  a  large  number  of 
fuses,  arranged  in  divided  circuits  of  different  lengths,  in  conse- 
quence of  the  certainty  of  an  instantaneous  interruption  of  each 
circuit  by  the  fusion  of  the  wire. 

Mr.  G.  Matthey  has  pointed  out  to  me  a  practical  difficulty  in 
the  preparation  of  this  particular  platinum-silver  alloy,  which, 
unless  especial  attention  be  directed  to  it,  may  constitute  a  serioos 
objection  to  the  employment  of  the  alloy  in  question  in  the  con- 
struction of  fuses  which  should  combine  high  resistance  with 
uniformity.  This  arises  out  of  a  tendency  to  the  separation  of  the 
metals  (which  are  of  widely-different  specific  gravity)  from  each 
other  to  a  very  considerable  extent,  unless  strict  attention  be  paid 
to  the  temperature  at  which  the  alloy  is  cast,  as  well  as  to  the 
cooling  of  the  casting.  Matthiessen's  experiments  with  different 
alloys  of  silver  and  platinum  appear  to  have  shown  that,  down  to  a 
certain  point,  the  conductivity  of  the  alloy  increased  approximately 
in  direct  proportion  to  the  decrease  of  the  proportion  of  platinum; 
thus,  the  conductivity  of  the  33  per  cent,  alloy  being  =  6*7,  that 
of  an  alloy  containing  about  10  per  cent,  of  platinum  was  =  18; 
with  only  5  per  cent,  of  platinum  the  conductivity  was,  however, 
proportionately  very  much  greater  (=  31*64).  It  is  evident  from 
the  statements  of  Mr.  Matthey,  whose  experience  in  the  manu- 
facture of  alloys  of  platinum  is  unrivalled,  that  special  attention  and 
experience  are  required  to  insure  the  production  of  an  uniform 
platinum-silver  alloy,  with  the  high  proportion  of  platinum  essential 
to  the  preparation  of  a  wire  possessing  the  low  conductivity  which 
will  enable  it  to  compete  with  German  silver. 
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It  is  hardly  necessary  to  state  that  the  metal  iridium^  which  is 
associated  in  nature  with  platinum^  and  is,  indeed,  contained  in 
very  appreciable  quantities  in  most  specimens  of  even  carefiiUy 
purified  platinum,  is  readily  alloyed  with  it;  and  the  fact  that 
iridium  reduces  the  conductivity  of  platinum  very  greatly  was 
demonstrated  by  Matthiessen's  experiments.  An  alloy  of  platinum 
with  33 '4  per  cent,  of  iridium  was  found  by  him  to  have  a  conduc- 
tivity of  4*54;  that  of  the  33  per  cent,  platinum-silver  alloy  being 
6*7.  These  circumstances  led  me  to  make  some  experiments  with 
wires  of  iridio-platinum.  In  the  first  instance,  Messrs.  Johnson 
and  Matthey  furnished  me  with  a  wire  stated  to  contain  7  per 
cent,  of  iridium,  its  diameter  being  C0015  (=0*375  grain  per 
yard).  The  resistance  of  this  wire  was  found  to  be  =  302 
Ohms,  per  yard  (that  of  (f'^b  of  the  wire  being  2*22  Ohms.) ;  it 
tl^refore  exceeded  that  of  the  finest  platinum  silver  (0"'001 
diameter)  experimented  with.  An  iridio-platinum  wire  of  the 
latter  diameter  was  next  drawn  for  me  by  Johnson  and  Matthey, 
but  its  resistance  did  not  prove  to  be  nearly  as  much  greater  as 
was  naturally  anticipated  from  a  reduction  by  one-third  of  the 
diameter  of  the  wire.  On  inquiry  I  learned  that  the  two  wires 
were  not  produced  from  one  and  the  same  parcel  of  alloy,  and  that, 
although  this  was  stated  to  contain  7  per  cent  of  iridium,  the 
latter  metal  employed  in  its  production  varied  considerably  in 
quality  (containing  probably  osmium  and  other  impurities),  as 
the  purposes  for  which  the  alloy  was  prepared  did  not  necessitate 
a  recourse  to  metals  approaching  purity. 

Mr.  G.  Matthey  afterwards  produced  for  me  two  alloys  of  platinum 
with  carefully  prepared  iridium,  the  one  containing  7,  the  other  10  per 
cent,  of  this  metal.   Their  resistances  were  found  to  be  as  follows : — 

Nature  of  alloy.  Diameter  of  Resifltance  per        Resistance  calculated  for  a 

Wire.  yard.  wire  0"-00l  diameter. 

7  per  cent,  iridium     0''-022       0-841  Ohm.       224-4  Ohms. 
10  per  cent,  iridium     0''-022       0*999  Ohm.       265     Ohms. 

These  wires  were  therefore  proportionately  of  considerably  lower 
resistance  than  the  iridio-platinum  wire  first  tried,  but  tliat  of  the 
10  per  cent,  alloy  was  still  suflSciently  high  to  render  a  further 
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examination  of  it,  in  comparison  with  the  platinum-silver  alloy, 
desirable.  A  wire,  of  the  smallest  diameter  used  in  these  experi- 
ments, was  therefore  drawn  of  it,  with  the  following  results  : — 

Diameter.  Weii^ht  per  yard.  Resistance  per  yard. 

(T'-OOl  0-27  grain.  273  Ohms. 

Therefore,  0*25  inch  of  this  wire  (the  length  conveniently  used 
in  a  wire  fuse)  would  offer  a  resistance  of  1*9  Ohms.,  which  is  but 
very  littld^  below  that  of  a  platinum-silver  wire  of  the  same  diameter 
(2*05  Ohms).  This  iridio-platinum  wire  will  consequently  prove  as 
efficient  in  the  production  of  sensitive  fuses  as  the  finest  platinum 
silver  wire ;  it  possesses,  moreover,  the  advantage  of  much  greater 
strength,  and  it  will  certainly  be  more  reliable  than  wire  of  that 
material  as  regards  uniformity  of  composition.  It  is,  however, 
much  less  fusible  than  the  platinum-silver  wire,  as  the  fusibility  of 
platinum  is  reduced  by  being  alloyed  with  iridium ;  this  may, 
possibly,  give  the  platinum-silver  wire  an  advantage  in  the  case  of 
"  fork-firing,"  with  a  large  number  of  branch  circuits  of  different 
lengths  (as  in  arrangements  for  the  simultaneous  discharge  of  a 
number  of  gunsj.* 

It  is  evident  that  wire  fiises  of  considerably  higher  resistance 
than  any  referred  to  in  this  paper  may  be  produced  by  employing 
a  wire  containing  a  higher  proportion  of  iridium  than  10  per  cent 
Mr.  Matthey  has  kindly  offered  to  furnish  me  with  wires  produced 
from  a  series  of  carefully-prepared  iridium  alloys  which  he  intends 
producing,  and  which  will  therefore  most  probably  afford  an  excel- 
lent opportunity  for  ascertaining  the  merits  of  wire-fuses  of  com- 
paratively ver}'  high  resistance.  It  appears  probable,  from  the 
results  obtained  with  the  carefully-prepared  alloys,  containing  only 
7  and  10  per  cent,  of  iridium,  that  the  conductivity  of  a  33  per 
cent,  alloy  is  considerably  below  that  at  which  it  was  fixed  by 
Matthiessen. 


*  Some  practical  experiments,  made  since  this  paper  was  read,  hare  demonstnted 
that  an  iridio-platinnm  wire  of  the  smallest  diameter,  and  containing  abont  10  per 
cent,  of  iridium,  is  quite  as  cflScient  as  the  platinum-silver  wire  of  corresponUinS 
diameter  when  applied  in  the  above  direction. 
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One  other  alloy  has  been  specially  recommended  to  me  for  ex- 
periment by  Mr.  Matthey,  as  being  much  more  readily  produced  of 
uniform  composition  than  the  platinum-silver  alloy,  and  as  being 
a  very  readily  workable  material.  Matthiessen  experimented  with 
an  alloy  of  silver  with  25  per  cent,  of  palladium,  and  found  it  to 
rank  next  above  the  platinum-silver  alloy  in  conducting  power^ 
The  alloy  suggested  for  trial  by  Mr.  Matthey  contains  40  per  cent, 
of  palladium  and  60  per  cent,  of  silver.  A  fine  wire  prepared  of 
this  material  furnished  the  following  result: — 

Diameter  of  wire.  Weight  per  yard.  Resistance  per  yard. 

O^'-OOl  0-142  grain.  244-6  Ohms. 

Therefore,  0''-25  of  this  wire  would  offer  a  resistance  of  1'7  Ohms., 
which  is  about  the  same  as  that  of  the  thicker  of  the  two  platinum- 
silver  wires  experimented  with.  It  is  still  more  fusible  than  the 
latter,  and  ranks  at  least  on  an  equality  with  it  as  regards  power  of 
resisting  corrosion,  so  far  as  severe  test-experiments  have  been 
carried  up  to  the  present  time.  There  is  little  doubt,  therefore, 
that  this  alloy  of  palladium  is  also  a  very  efficient  material  for  the 
construction  of  wire  fuses,  offering  considerable  resistance. 

In  concluding  these  notes  it  may  be  useful  to  offer  a  few  remarks 
relating  to  the  construction  of  low-tension  or  wire  fuses.  It  need 
hardly  be  stated  that  uniformity  in  resistance  is  an  important 
quality  to  be  aimed  at ;  it  is,  moreover,  a  quality  the  attainment  of 
which  does  not  solely  depend  upon  the  employment  of  a  wire  of 
uniform  conductivity,  but  also  demands  careful  attention  to  details 
in  the  construction  of  the  wire  bridge  and  in  the  application  of  the 
igniting  material  or  "  priming  "  round  the  bridge,  the  necessity 
for  such  care  increasing  with  the  fineness  of  the  wire  employed  in 
ihe  fnse. 

Uniformity  in  the  resistance  of  wire  fiises  made  with  one  parti- 
cular kind  and  size  of  wire  depends  obviously  in  the  first  instance  upon 
the  employment  of  the  same  length  of  wire  as  the  bridge  in  each 
fuse.  With  a  view  to  attain  this  end  the  copper  terminals  must  be 
accurately  fixed  at  the  same  distance  apart  in  the  several  fuses  : 
the  wire  must  be  always  uniformly  stretched  across  between  these 
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terminals  (and  therefore  strained  from  one  to  the  other  as  tightiy 
as  possible),  and  its  two  extremities  must  be  attached  to  the  ter- 
minals as  uniformly  as  possible.  The  following  general  directions 
for  constructing  the  terminals  and  wire-bridge  will  indicate  the 
manner  in  which  uniformity  in  the  resistance  of  the  ftises  may  be 
attained. 

The  bared  ends  of  the  insulated  copper  wires  which  are  to  form 
the  terminals  are  firmly  fixed  at  a  uniform  distance  apart  (0*25  inch 
is  found  a  very  convenient  distance)  by  being  inserted  into  a  die  or 
mould,  and  partly  imbedded,  while  in  that  position,  in  a  plug  of 
some  very  hard  cement  or  composition,  which  attaches  itself 
thoroughly  to  the  copper  surfaces.  A  mixture  of  plaster  of  Paris 
or  Portland  cement  and  sulphur,  which  is  cast  round  the  wires 
while  sufficiently  hot  to  be  viscid,  is  a  good  material  for  the  pur- 
pose ;  or  the  wires  may  be  imbedded  in  a  plug  of  india-rubber 
preparation  of  the  proper  composition  for  subsequent  conversion 
into  ebonite.  In  either  case  the  sulphur,  which  is  a  component  of 
both  preparations,  attacks  the  surfaces  of  the  copper  wires,  and 
thus  insures  their  being  quite  immoveable  when  the  plug  has 
cooled.  The  bare  ends,  or  terminals, should  project  about  025  inch 
beyond  the  plug  in  which  the  wires  have  been  fixed,  and  should 
be  uniform  in  length  and  well-brightened.  In  stretching  the  fine 
wire  across  from  one  terminal  to  the  other,  pains  should  be  taken 
to  do  this  always  as  tightly  as  possible,  and  in  a  perfectly  horizontal 
line,  so  as  to  insure  the  employment  of  uniform  lengths  of  wire  in 
different  fuses.  Means  should  be  adopted  for  making  the  terminals 
hold  the  wire,  by  the  obvious  expedients  of  roughening  the  surfaces 
of  the  copper,  or  of  cutting  a  fine  slit  into  their  extremities,  into 
which  the  wire  may  be  inserted.  The  latter  should,  when  properly 
strained  and  wrapped  round,  or  let  into  the  terminals,  be  firmly 
attached  to  these  with  solder,  carefully  applied  by  means  of  a  small 
rod  to  the  back  of  the  terminals,  so  as  not  to  be  brought  into  con- 
tact with  the  wire-bridge  itself. 

By  following  simple  directions  such  as  the  above,  fuses  of  very 
fairly  uniform  resistance  can  be  readily  made,  but  the  difiiculties  of 
manipulation  are  obviously  somewhat  increased  when  very  fine 
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nrires  such  as  those  spoken  of  in  the  foregoing  are  employed. 
With  wires  such  as  the  finest  of  German  silver,  iridio-platinum, 
and  platinum-silver,  of  which  a  bridge  of  (y^'25  offers  a  resistance 
of  2  or  2*3  Ohms.,  fuses  may  with  a  little  practice  be  made  of 
which  the  resistances  range  from  2  to  2*8  Ohms.,  that  of  the 
larger  proportion  being  within  0*4  Ohm.  in  excess  of  the  theoretical 
resistance.  Until  lately  but  little  attention  has  been  directed  to 
the  adoption  of  simple  means  for  avoiding  irregularities  in  resist- 
ance due  to  imperfect  manufacture.  Thus,  in  one  well-known  form 
of  fuse,  made  with  a  comparatively  coarse  platinum  wire  (0"  *  003 
in  diameter),  no  special  precaution  has  been  taken  to  insure 
the  wire  being  at  all  tightly  stretched  across  the  terminals, 
hence  the  resistance  of  a  large  proportion  of  these  very  greatly 
exceeds  the  theoretical  number.  Occasionally,  in  applying  solder 
to  the  wire  bound  round  the  terminals,  a  small  portion  has  been 
allowed  to  run  on  to  the  wire  forming  the  bridge,  and  in  such  cases 
the  resistance  of  the  fuses  has  been  importantly  diminished.  In 
another  form  of  wire  fuse  (of  German  manufacture)  the  connec- 
tions between  the  terminals  and  the  wire  bridge  are  very  imperfect, 
and  one  pole  of  the  fuse  consists  of  a  considerable  quantity  of  fine 
copper  wire  which  was  found  alone  to  offer  a  resistance  of  about 
0*25  Ohm.,  thus  considerably  increasing  the  work  to  be  done,  with- 
out any  useful  effect,  by  the  current  employed. 

Either  gun-cotton  or  gun-paper  is  now  very  generally  employed 
as  a  priming  agent  in  platinum  wire  fuses,  t.e.  as  a  means  of  faci- 
litating the  production  of  explosion  by  such  fuses,  because  the  heat 
developed  on  passing  a  current  through  a  fuse,  if  it  should  be 
insufficient  to  melt  the  wire,  or  to  raise  it  to  the  temperature 
necessary  for  the  ignition  of  gunpowder,  may  yet  suffice  to  ignite 
the  comparatively  readily  explosive  gun-cotton.  A  small  tufl  of 
gun-cotton  wool  is  generally  pressed  round  the  wire  bridge,  or  a 
piece  of  gun-cotton  yam  is  tied  upon  it,  but,  though  either  of  these 
modes  of  applying  the  gun-cotton  priming  can  be  readily  used  in 
^ises  containing  the  comparatively  coarse  and  strong  wire  hitherto 
employed,  they  are  not  so  easily  applicable  in  conjunction  with  fine 
wires  J  as  these  are  liable  to  be  broken  in  the  operation,  or  as,  for 
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fear  of  this  occurring,  the  priming  is  not  brought  into  properly  close 
contact  with  the  whole  of  the  bridge,  a  condition  which  increases  in 
importance  as  the  source  of  heat  in  the  fuse  is  diminished  by  a 
reduction  of  the  thickness  of  the  wire.*  A  simple  modification  in 
the  mode  of  applying  the  gun-cotton  insures  a  thoroughly  efficient 
priming  of  the  fuse,  without  any  risk  of  the  fracture  of  the  bridge 
being  incurred.  A  very  fine  gun-cotton  powder  or  dust  is  pre- 
pared by  taking  dry  pulped  gun-cotton,  or  compressed  gun-cotton, 
scraped  or  broken  up  to  powder,  and  sifting  this  through  muslin ;  the 
dust  thus  obtained  is  intimately  mixed  by  means  of  a  feather  or 
hair-pencil  with  sufficient  mealed  gunpowder  or  detonating  powder 
to  make  it  flow  readily  into  a  small  cavity.  When  the  bridge  of  the 
fuse  has  baen  fixed  in  position  into  the  fuse-head  or  case,  tills 
priming  powder  may  be  poured  in  and  made  to  surround  the 
bridge  thoroughly  and  compactly  by  a  gentle  tapping  or  shaking 
of  the  case,  without  the  slightest  risk  of  breaking  the  bridge. 

The  foregoing  few  general  instructions  are  of  a  nature  almost  to 
suggest  themselves  to  those  who  set  about  the  construction  of  low- 
tension  fuses  with  the  desire  to  insure  great  sensitiveness  and 
uniformity.  There  is  no  doubt  that,  by  combining  care  in  con- 
struction of  the  fuse  with  the  employment  of  fine  wires  of  the 
nature  referred  to  in  these  notes,  the  low-tension  or  wire  fuse 
attains  a  degree  of  sensitiveness  and  uniformity  which  must  render 
it  a  formidable  and  in  many  instances  a  very  successful  rival  of  the 
high-tension  fuse  in  directions  in  which  hitherto  the  latter  has  been 
pre-eminent  for  efficiency,  more  especially  in  comiection  with  the 
employment  of  simple,  powerful,  and  portable  electrical  appliances 
for  the  explosion  of  mines. 

*  Several  instances  haye  occorred,  in  the  course  of  my  experiments  with  foses  con- 
taining very  fine  wire  of  platinum-siWcr  surrounded  bj  gun-cotton  powder,  of  the 
wire  being  fused  by  the  passage  of  the  current,  without  igniting  the  gun-cotton  in 
which  it  was  loosely  imbedded. 
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The  following  Candidates  were  balloted  for  and  declared  ^duly- 
elected  : — 


Foreign  Member  : 
Luigi  Cappanera  . 

Members  : — 

Robert  V.  Dodwell 
William  Hooper  . 
Captain  McEvoy,  C.E. 

Associates  :  — 
P.  F.  Barry . 
James  Carpenter  . 
Paul  Estler  . 
J.  Howe 
Captain  J.  Hunter,  R.N. 
Thomas  Miller 
William  Owen 
C.  H.  Reynell       . 
Thomas  Stout 
W.  B.  Walpole     . 
Major  A  Wood    . 


.  Florence. 

.  Leadenhall  Street. 

.  Beechwood,  Clapham. 

.  London  Ordnance  Works. 

.  St.  Vincent. 

.  Paddington. 

.  Charlton. 

.  Pernambuco. 

.  United  Service  Club. 

.  Worcester 

.  Monmouth. 

.  Madeira. 

.  Lerwick. 

.  Brighton. 

.  Abbey  Wood. 


The  Meeting  then  adjourned. 
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OBIGINAL  COMMUNICATIONS, 


12,  QuEEK  Anne*8  Gate,  Westminster,  S.Wm 
nth  December,  1874. 

The  Secretary  of  the  Society  0/ Telegraph  Engineers. 

Dear  Sir, — The  publication  of  the  enclosed  Paper,  which  formed 
the  subject  of  the  Bakerian  Lecture  for  the  year  1871,  has  been 
delayed  beyond  reasonable  limits,  owing  to  its  incompleteness  in 
many  respects  at  the  time  of  its  delivery  through  the  pressure  of 
professional  duties,  which  both  then  and  since  has  rendered  it 
almost  impossible  for  me  to  snatch,  even  occasionally,  a  few  hours' 
leisure  for  the  pursuit  of  purely  scientific  objects.  Even  now  tiie 
inquiry  into  the  dependency  of  electrical  resistance  upon  tempera- 
ture at  the  higher  temperatures  is  not  nearly  as  complete  as  I 
should  have  desired.  The  measuring  instruments  described  still 
leave  ample  scope  for  improvement ;  they  have,  however,  already 
done  useful  work  in  the  hands  of  scientific  inquirers  into  the  effects 
of  heat,  and  this  remark  particularly  applies  to  the  Electrical 
Pyrometer. 

All  the  information  on  the  subject  of  these  instruments  which  is 
now  before  the  public  is  that  contained  in  the  Proceedings  of  the 
Royal  Society,  in  the  publications  of  the  Royal  Institute,  and  in  a 
Paper  by  Professor  Weinhold  contained  in  the  Programme  of  the 
Royal  Technical  School  at  Chemnitz. 

Under  these  circumstances,  and  in  view  of  the  fact  that  these 
publications  do  not  give  any  account  of  the  large  series  of  experi- 
ments which  I  undertook  in  order  to  satisfy  myself  of  the  accuracy 
of  this  method  of  measuring  temperature,  and  which  have  been 
supplemented  at  intervals  during  the  last  three  years,  I  ha?e 
decided  on  giving  the  information  in  its  present  form  in  order  that 
the  scientific  public  may  have  the  means  of  knowing  the  experi- 
mental tests  upon  which  the  instruments  have  been  based. 

I  am,  dear  Sir, 

Yours  faithfully, 

C.  WILLIAM  SIEMENS. 
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ON  THE 


DEPENDENCE  OF  ELECTRICAL  RESISTANCE  ON 

TEMPERATURE. 


PAET  FIEST. 

On  the  Influence  of  Temperature  upon  the  Electrical 
Kesistance  of  Metallic  Conductors. 

The  experimental  researches  hitherto  published  on  this  subject 
have  been  limited  to  temperatures  ranging  from  the  freezing  to 
the  boiling  point  of  water,  and  great  uncertainty  still  prevails 
regarding  the  law  of  increase  at  temperatures  exceeding  100°  Cent. 

The  early  experiments  made  by  Amdsten*  and  Dr.  Werner 
Siemens  "f*  tend  to  show  that  copper,  silver,  and  other  pure  metals 
offer  electrical  resistances  which  increase  with  the  temperature  in 
an  arithmetical  ratio  within  the  limits  of  their  experiments,  which 
extended  from  0®  to  100°  Centigrade,  whilst  subsequent  researches 
by  Dr.  Matthiessen  indicate  a  slightly  divergent  ratio  between  the 
same  limits  of  temperature. 

Platinum,  which  is,  in  many  respects,  a  suitable  metal  for 
extending  these  enquiries  to  higher  temperatures,  has  been  left 
out  of  consideration  in  the  otherwise  exhaustive  researches  of 
Matthiessen,  and  when  I  first  directed  my  attention  to  this  metal, 
I  observed  very  extraordinary  differences  in  the  electrical  conduc- 
tion of  different  specimens. 

I  found  it  impossible  to  obtain  platinum  wire  of  such  a  degree  Platim 
of  purity  that  its  co-efficient  of  increment  should  have  a  value  ^'^* 
corresponding  with  that  of  silver,  and  the  other  pure  metals.    Some 
platinum  wire,  drawn  for  me  by  Messrs.  Johnson  and  Matthey 
some  years  since,  gave,  when  measured,  a  conducting  power  only 
4*7  times  that  of  mercury.    Its  increase  of  resistance  was  from 

•  Vid€"  Annal.  de  Chimie,"  rol  Ut.  1858,  p.  4i0-443. 

t  Vide  Poggcndorff*fl  "  Annalen  "  yoI.  ex.  p.  1,  vol.  cxii.  p.  333. 
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0-95  units  at  20"^  C.  to  1-12  units,  at  100**  C. ;  or  22'4  per  cent 
This  platinum  had  been  prepared  by  fusion  in  a  De  Ville  fumace. 
Platinum  recently  supplied  to  me  by  the  same  firm,  prepared  by 
the  old  method  of  forging,  had  a  conducting  power  of  8*2,  whilst  it 
increased  in  resistance  from  0*97  units  at  20°  C.  to  1*23  imits,  at 
100°  C,  or  33*5  per  cent.  This  led  me  to  believe  that  the  process 
by  which  platinum  is  prepared  has  much  to  do  with  its  behaviour 
as  a  conductor,  owing  probably  to  a  slight  admixture  of  iridium 
and  other  metals  of  that  class,  in  the  fused  metal ;  a  supposition 
which  is  sufficiently  proved  by  the  results  tabulated  below,  and 
from  which  it  follows,  that  great  caution  is  necessary  in  selecting 
platinum-wire  for  electrical  experiments ;  and  that  the  fasion  of  a 
wire  of  a  given  length  and  diameter  for  instance,  is  by  no  means 
a  test  of  the  strength  of  an  electrical  current. 


Kind  of  Platinum. 

Diameter 
(inches). 

Length 
(inches). 

Beria- 
tanoe  at 
78"Fahr. 

Ccm- 

ducting 

power  it 

73*IUir. 

1 

Pure  melted,  No.  1  . . 

.  • 

0-062 

607-6 

0-790 

8-6 

2 

Conmion  soft 

•  • 

0-062 

580-5 

0-985 

7-9 

a 

Platinum  with  5  per  cent  1 
iridium      ..          ..         j 

0-021 

112-5 

1-800 

7-2 

4 

Pure  melted,  No.  2  . . 

.  • 

0-021 

195-0 

2-805 

816 

5 

Pure  forged  .. 

•  • 

0-021 

292-0 

4-000 

8-85 

6 

Impure  melted 

•  • 

0-021 

— 

4-7 

The  percentage  increment  of  increasing  resistance  of  all  these 
specimens  was  lower  than  that  of  pure  silver  or  copper ;  bat  this 
is  really  of  little  practical  importance  in  view  of  the  second  pert  of 
this  inquiry,  provided  that  its  coej£cient  is  known,  and  that  it 
remains  constant.  A  higher  coej£cient  would  be  of  advantage  only 
in  so  far  as  by  giving  greater  differences  of  resistance  for  given 
differences  of  temperature,  the  readings  with  it  would  be  propor- 
tionately more  delicate. 

In  carrying  out  my  experimental  inquiry  regarding  the  depen- 
dence of  electrical  resistance  upon  temperature,  I  employed 
platinum  wire  of  '009  inches  diameter,  which  had  been  piepaied. 
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y  the  old  welding  process  (which  gives,  as  already  stated,  a  much 

aore  conductive,  and,  therefore,  a  purer  wire  than  the  more  recent 

rocess  by  fusion  in  a  De  Ville's  furnace).    In  one  of  the  series  of 

xperiments,  this  wire  was  wound  upon  a  cylinder  of  pipeclay,  in 

leUcal  grooves  to  prevent  contact  between  the  convolutions  of  the 

nre.     To  arrive  at  a  knowledge  of  its  electrical  resisteuice,  when 

ubjected  to  various  temperatures,  I  placed  it,  together  with  a 

elicate  mercury  thermometer  made  for  me  by  Messrs.  Negretti  and 

kunbra,  in  a  copper  vessel,  contained  in  a  bath  of  linseed  oil,  which 

in  order  to  prevent  the  too  sudden  radiation  of  its  heat,  and  conse- 

[uent  variation  of  temperature)  was  placed  within  a  larger  vessel, 

he  space  between  the  two  being  packed  with  sand.    The  leading 

raes  -of  the  platinum-coil  were  then  connected  with  a  Wheatstone's 

balance  and  a  delicate  galvanometer.    The  bath  was  very  gradually 

leated  by  a  series  of  small  Bunsen's  burners,  and  whilst  the  oil 

fras  kept  in  continual  motion,  the  resistance  of  the  platinum  wire 

?as  read  ofiF  at  intervals  of  4t  or  5**  Centigrada    When  the  highest 

K)int  had  been  reached,  the  bath  was  allowed  to  cool  down 

[radually,  and  measurements  were  taken  at  the  same  points  of 

emperature  as  before.    This  was  repeated  several  times,  until 

ibout  six  readings  of  the  resistance  of  the  wire  at  each  point 

\i  temperature  had    been  obtained.     The    mean    readings    are 

lontained  in  the  first  table  given  at  the  end  of  this  Part.    The 

)latinum  wire  was  carefully  annealed,  and  maintained  for  several 

lours  at  the  maximum  heat  before  the  observations  were  taken. 

Not  satisfied  with  this  single  series  of  experiments,  I  undertook 

i  second  series  under  somewhat  different  conditions.     Instead  of 

xnliiig  the  wire  upon  a  pipe-clay  cylinder,  I  employed  a  spiral 

xmtained  in  a  glass  tube  and  hung  by  its  leading  wires  in  a  rect- 

ingnlar  air-chamber,  about  6  inches  long,  3  inches  broad,  and 

t  inches  deep,  the  space  between  the  walls  being  filled  with  sand 

o  insure  a  very  steady  temperature  inside.    Three  mercury  ther- 

nometers  were  inserted  through  the  cover  of  this  double  chamber, 

o  that  their  bulbs  stood  aroimd  the  platinum  coil  in  the  same 

Lorizontal  plane.    This  box  was  heated  externally,  by  five  small 

iunsen's  burners,  a  gas  pressure  regulator  being  applied  to  give 

teadiness  of  heat.     Irregular  losses  of  heat  by  radiation,  or  by 

atmospheric  currents,  were  prevented  by  a  metallic  screen  sur- 

oiinding  the  flames  and  the  heated  box. 

X  2 
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Fig.l. 


This  apparatus  is  repre- 
sented in  the  accompanying 
tiguie. 

The  temperature  of  the  box 
was  gradually  raised  to  350° 
Centigrade,  and  then  lowered ; 
and  observations  were  taken  at 
regular  intervals  of  increasing 
and  decreasing  temperature. 

The  residta  obtained  in  this 
further  set  of  experiments  are 
given  in  the  second  table.  The 
wire  employed  was  not  the 
same  as  that  employed  in  the 
first  series,  which  accounts  for 
certain  differences  in  the  ratio 
of  increase  observed,  although 
in  other  respects  the  accord- 
ance of  the  two  series  may  be 
considered  satisfactory. 

In  order  to  test  these  discrepancies,  a  third  set  of  experiments 
was  undertaken,  with  the  same  platinum  wire  which  had  been 
employed  in  the  second  set,  with  the  difference,  that  the  chamber 
containing  the  tube  and  wire  and  the  thermometers  was  filled 
with  linseed  oiL  The  results  are  given  in  the  third  table,  in  two 
brief  series,  the  object  being,  in  this  case,  to  test  the  former  expen- 
ments  by  a  few  very  careful  observations  in  which  the  flames  were 
so  adjusted  by  a  gas-pressure  regulator,  that  a  perfectly  steady  heat 
could  be  maintained  for  an  hour,  or  more,  to  insure  identity  of 
temperature  in  every  part  of  the  chamber. 

The  general  accordance  between  these  results  is  best  shown  in 
the  accompanying  diagram  No.  1,  where  the  first,  second,  and  thiid 
series  of  observed  results  are  represented  by  the  lines  marked  1, 2 
and  3,  respectively.  The  horizontal  divisions  of  the  sheet  represent 
Centigrade  degrees  of  temperature  measured  from  the  absolute  zero 
of  temperature;  and  the  vertical  divisions  units  of  resistance 
divide!  into  tenths. 

With  the  exception  of  one  observation,  which  has  evidently 
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been  taken  or  noted  in  error,  the  accordance  between  the  second 
and  third  series  of  observations  is  satisfactory.  They  represent  a 
line,  curved  downwards  towards  the  X  axis,  which  it  crosses  at  a 
point  near  the  absolute  zero,  or  274®  Centigrade  below  the  freezing 
point  of  water. 

No  general  conclusion  could,  however,  be  drawn  from  the  Coppe 
bearing  of  one  metal    I  procured,  therefore,  wires  of  comparatively  ^^^^ 
pure  copper,  of  fused  iron  (or  mild  steel),  of  silver,  and  of  alumi-  alumi- 
nium, which  were  subjected  to  the  same  series  of  observations,  as  ^^^^' 
before  described.    The  results  are  given  in  tables  4  to  7,  and  arc 
also  laid  down  on  the  diagram  according  to  the  same  scale  as  the 
platinum  curve. 

Setting  aside  some  palpable  errors,  these  results  also  produce 
lines  curving  downwards  to  the  absolute  zero  on  the  abscissa!  axis, 
and  agree  very  closely  with  the  measured  results  obtained  by 
Dr.  Matthiessen*  between  the  limits  of  0®  and  100®  Centigrade. 
They  also  agree,  generally,  with  the  results  I  obtained  by  means 
of  another  series  of  observations  which  I  undertook  for  testing 
the  progressive  increase  of  resistance  beyond  the  range  of  the 
mercury  thermometer,  and  which  will  be  noted  further  on. 

Encouraged  by  these  concordant  results,  I  have  endeavoured  to 
find  a  general  expression  for  the  increase  of  electrical  resistance  in 
conductors  with  rise  of  temperature,  which  should  be  based  upon 
a  rational  dynamic  principle. 

The  experimental  curves  represented  on  the  diagram  diJTer  so 
little  from  a  straight  line,  between  the  limits  of  0°  and  100°  Cent., 
that  the  early  observers,  whose  observations  did  not  go  beyond 
those  limits,  naturally  concluded  that  the  electrical  resistance 
increased  in  an  arithmetical  ratio  with  the  temperature.  In 
taking  the  amount  of  increase  between  these  limits,  in  copper 
or  silver  wire,  it  was,  moreover,  found  to  coincide  very  nearly 
^th  the  increase  of  volume  of  permanent  gases  by  heat. 

Clausius  has  drawn  from  these  data  the  conclusion  ''  That 
the  resistances  of  metals  are  directly  proportional  to  their  abso- 
lute temperatures.""!'  Matthiessen,  however,  found  that  the  incre- 
ment of  increase  of  resistance  was  not  absolutely  constant  between 

•Vide**  Fhilosopbical  TrsnaactioiiB,"  1862. 

t  Vide  PoggondorTs  "  Annalcn,"  Vol,  cir.,  p.  660, 1858. 
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the  limits  of  0^  and  100^  Cent,  but  that  the  ratio  of  inciease  in 
pure  metal  was  expressed  by  the  formula 

"^*""  1—0037647 1  +  000000834 1", 

where  E®  represents  the  resistance  at  zero  Centigrade  and  E*  at 
any  other  temperature  on  the  same  scale,  which  ratio  agrees  very 
closely  with  my  own  results  between  those  limits ;  whereas,  at  tem- 
peratures exceeding  100"*,  great  discrepancies  are  at  once  apparent 
This  will  be  seen  from  the  following  statement  of  calculated  resist- 
ances for  the  higher  temperatures  by  Matthiessen's  formula — 

Temperature  in  Besistance  in 

degrees  Cent.  Units. 

t  =  0^  Kt  =  10000 

=  100^  =  1-4146 

=  300°  =  1-6098 

=  600°  =  0-8314 

=  1000°  =  0-1794 

=  2000°  =  00373 

His  formula  is  indeed  inapplicable  to  temperatures  exceeding 
100"*  Cent  He  adds,  it  is  true,  a  fourth  member  to  his  denominator, 
containing  t?,  which  has  the  eflfect  of  harmonizing  it  more  com- 
pletely with  the  observed  values  at  low  temperatures,  without^ 
however,  producing  more  reasonable  values  for  high  temperatures. 
This  formula,  then,  is  applicable  only  within  the  narrow  range  of 
the  experiments  by  which  it  was  determined. 
[^^  Now  if  we  apply  the  mechanical  laws  of  work  and  velocity  to 
stance,  the  vibratory  motions  of  a  body  which  represent  its  firee  heat,  we 
should  define  this  heat  as  directly  proportional  to  the  square  of 
the  velocity  with  which  the  atoms  vibrate.  We  may  further 
assume  that  the  resistance  which  a  metallic  body  offers  to  the 
passage  of  an  electric  impulse  from  atom  to  atom  is  directly  pro- 
portional to  the  velocity  of  the  vibrations  which  represent  its  heat 
In  combining  these  two  assumptions,  it  follows  that  the  resistance 
of  a  metallic  body  increases  in  the  direct  ratio  of  the  square  root 
of  the  free  heat  conmiunicated  to  it. 

Algebraically,  if  (r)  represent  the  resistance  of  a  metallic  con- 
ductor at  the  temperature  T,  reckoning  from  the  absolute  zero,  and 
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a  an  experimental  co-efiEicient  of  increase  peculiar  to  the  particular 
metal  under  consideration,  we  should  have  the  expression 

r=aT*. 

This  purely  parabolical  expression  would  make  no  allowance 
for  the  probable  increase  of  resistance,  due  to  the  increasing  dis- 
tance between  adjoining  particles  with  increase  of  heat,  which 
would  depend  upon  the  co-efficient  of  expansion,  and  may  be  ex- 
pressed by  /8T,  which  would  have  to  be  added  to  the  former 
expression.  To  these  factors  a  third  would  have  to  be  added, 
expressing  an  ultimate  constant  resistance  of  the  material  itself 
at  the  absolute  zero,  and  which  I  call  7.  The  total  resistance  of 
a  conductor  at  any  temperature,  T,  would,  therefore,  be  expressed 

by  the  formula 

r=aT*+i8T+7(l). 

The  law  of  increase  expressed  by  this  formula  is  graphically  repre- 
sented by  diagram  No.  3,  the  spaces  between  the  abscissal  axis  and 
the  parabola  expressing  the  resistances  due  to  the  absolute  motion 
of  the  particles;  the  arithmetically  increasing  field  of  resistance 
above  the  parabolic  curve  expressing  the  increase  due  to  increase 
of  distance  between  adjoining  particles ;  and  the  field  below  the  X 
axis,  the  constant  resistance  of  the  material  under  all  conditions. 
It  remained  to  be  seen  whether,  in  giving  suitable  values  to  the 
co-efficients  a,  13,  and  7,  this  law  of  increase  could  be  made  to  coin- 
cide with  the  observed  results. 

In  deciding  the  abscissal  axis  according  to  temperature,  and 
fixing  the  zero  Centigrade  at  the  point  where  the  ordinate  equals  a 
unit  of  resistance  in  the  first  diagram,  or  an  amount  equal  to  the 
specific  resistance  at  that  temperature  in  the  second,  it  will  be 
observed  that  the  portion  of  the  curve  where  the  absolute  zero 
(or  any  other  point  of  the  thermal  scale)  falls,  is  completely  fixed ; 
and  it  was  important  to  see  whether,  in  starting  from  that  point, 
the  curvatures  as  represented  by  the  above  formula  would  agree 
with  those  of  the  experimental  lines  of  the  different  metals. 

Three  points  of  each  of  the  exi)erimental  curves,  including  the 
zero  Centigrade,  were  taken,  and  the  experimental  values  for  T  and 
r  at  these  points  being  put  into  the  above  formula,  the  numerical 
values  for  a,  /8,  and  7  were  obtained  for  each  metal  If  written 
down  with  these  numerical  co-efficients,  the  formula  is  as  follows : 
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For  copper — r= 
For  iron — r='C 
For  alaminium — r='C 
For  silver — r= 


For  platinum— r=  ■0021448T»  +  ■0024187T+  -30425 
r=-039369T*+-00216407T--24127 
r=092183T'+00007781T--50196 
=  ■026577T'  +  -00314431- -29751 
=  072545T'+-0038133T-1-23971 
=  05951436T'+-00284603T--76492 
=  ■0060907T*  +  -0035538T- -07456 
Curves  constructed  ia  accordance  with  these  expressions  are 
shown  in  the  portions  below  0°  C.  and  above  350"  C,  of  diagram  1, 
with  a  constant  resistance  of  1  unit  for  each  metal  at  the  am 
Centigrade,  and  iu  diagram  No.  2,  with  each  metal  represented  by 
its  own  specific  resistance  at  zero  Centigrade,  and  the  close  coin- 
cidence of  the  calculated  resistances  with  the  experimental  resist- 
ances as  shown  in  the  tables,  excepting  a  certain  number  of 
evidently  erroneous  observations,  proves  the  entire  applicability  of 
the  law  of  increase  expressed  by  the  formula  to  various  metals  at 
temperatures  between  0°  and  350°  Centigrade.     It  lemtuned  to  be 
proved,  however,  whether  the  same  law  would  apply  to  higher 
degrees  of  temperature. 

For  this  purpose  I  had  recourse  to  a 
pyrometer,  constructed  upon  the  suppoution 
that  the  specific  heat  of  solids  and  liquids 
is  the  same  at  all  temperatures.  An  instm- 
meut  of  this  description  waa  designed  1^  me 
some  years  since,  and  is  used  by  ironmasten 
in  determimng  the  temperatnre  of  their  hot 
blast  It  is  represented  at  fig.  2,  and  con- 
sists of  a  cylindrical  vessel  of  thin  sheet 
copper  capable  of  containing  an  impeiiil 
pint  of  water.  The  inner  vessel  ia  sunonnded 
t^  two  external  vessels  of  thin  metal  jdate, 
the  narrow  space  between  the  first  and  second 
being  filled  with  air ;  and  the  space  between 
the  second  and  third,  or  the  outer  vessel, 
with  cow-hair  or  other  non-conductor  of  heat. 
A  delicate  thermometer  is  fixed  against  tlie 
side  of  the  innermost  vessel,  being  protect 
p.    2  from  injury  by  a  perforated  plate.     It  is 
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provided  with  a  sliding  scale  having  divisions  equal  in  breadth  to 
the  degrees  on  the  thermometer,  but  each  division  counting  as  the 
equivalent  of  50  degrees.  A  copper  or  platinum  ball  is  provided^ 
the  weight  of  which  is  so  adjusted  that  the  heat  capacity  of 
50  balls,  is  equal  to  that  of  an  imperial  pint  of  water  at  ordinary 
temperature.  This  is  dropped  into  the  vessel  and  the  slidrag  scale 
thereupon  fixed  so  that  its  zero  index  shall  coincide  with  the 
position  of  the  mercury  level  in  the  thermometer  tube.  The 
copper  or  platinum  ball  is  perforated,  in  order  that  it  may  be 
placed  at  the  end  of  a  rod  to  be  exposed  to  the  heat  which  is 
intended  to  be  measured. 

Upon  being  fully  heated,  the  ball  is  dropped  into  the  water, 
and  the  readrag  indicated  upon  the  sliding  scale,  added  to  that  of 
the  mercury  thermometer,  gives  the  temperature  of  the  ball. 

Although  a  high  degree  of  accuracy  cannot  be  claimed  for  this 
instrument,  its  indications  are,  nevertheless,  useful  for  obtaining 
fixed  ratio  indications  of  the  higher  temperatures.  It  has  enabled 
me  to  test  the  general  accuracy  of  the  ratio  of  increase  of  electrical 
resistance  beyond  the  limits  of  the  more  correct  tests  obtained  at 
the  lower  temperatures.  The  accuracy  of  these  corroborative  results 
depends  upon  the  supposition  that  the  specific  heat  of  the  metal 
ball  is  the  same  at  high  and  low  temperatures ;  but,  although  this 
may  not  be,  strictly  speaking,  the  case,  there  is  evidence  to  show 
that  the  variations  are  not  of  serious  import,  except  probably  in 
Bearing  the  melting  points. 

The  following  are  some  comparative  results  which  have  been 
obtained  by  placing  in  the  same  heated  chamber  a  copper  ball  of 
known  capacity  of  heat,  and  a  coil  of  platinum  wire  wound  in  the 
spiral  grooves  of  a  porcelain  cylinder  and  protected  from  injury  by 
a  cylindrical  casing  of  platinum.  Both  the  copper  ball  and  the 
protected  spiral  wire  were  placed  inside  the  heated  chamber  in  a 
piece  of  wrought-iron  tubing,  to  ensure  more  complete  identity  of 
temperature,  when  the  resistance  of  the  spiral  was  taken,  and  the 
copper  ball  dropped  into  the  apparatus  just  described. 

The  following  are  some  of  the  results : — 


306 


Obeenred 

temperature 

by  copper  ball 

pyrometer. 

Observed 

lesiBtanoe  of 

coil  when 

heated. 

Besistance  of 

the  same  coil 

atO°0. 

Temperatuxe  of 

oofl  according  to 

formula 

r.=  0021448Ti  + 

0024187  T  + 0-80425 

Diffenoee. 

835  C. 

854,, 

810,, 

30-5 
32-0 
29-6 

10-56 
10-56 
10-56 

81P  C. 

882°  „ 

772°  „ 

-24° 

+28° 
-38* 

It  remains  to  be  proved  whether  the  law  of  increase  of  electrical 
resistance,  which  I  have  here  ventured  to  put  forward,  holds  good 
for  all  conductors ;  and  whether  it  may  be  trusted  at  temperatures 
approaching  either  the  point  of  absolute  zero  or  the  melting  point 
of  the  metal  under  consideration.  The  whole  subject,  indeed, 
requires  further  and  fuller  investigation  than  I  could  devote  to  it 
with  the  principal  object  of  my  investigation  in  view,  which, 
having  been  the  construction  of  a  reliable  instrument  for  measuring 
low  and  high  temperatures  by  electrical  resistance,  I  have  followed 
up  this  branch  of  the  enquiry  only  to  such  a  point  as  to  supply  a 
tolerably  reliable  basis  for  such  practical  purposes. 


FIRST  TABLE. 

Showing  the  Measured  Increase  of  Resistances  with  the  Increcue  of  Tem- 
perature of  a  Coil  of  Platinum  Wire  o/ 0-009  inches  diameier  in  (HL 


Mean  temperature 

Measured 

of  three  mercury 
thermometers  in 

Calculated 
resistance  of  coil. 

resistance  of 
coil 

Difference. 

Bflmani. 

degrees  Cent. 

(reduced). 

0-0 

1-0000 

1-0000 

byinferaooe 

37-8 

1-0989 

1-0985 

--0004 

43-3 

11129 

1-1141 

+  •0012 

48-9 

1-1269 

11243 

—  •0026 

54-4 

1-1405 

1-1362 

—0048 

60-0 

1-1543 

1-1457 

—0086 

65-6 

1-1676 

11578 

--0098 

71-1 

1-1812 

1-1678 

—0134 

76-7 

1-1947 

1-1792 

-•015 

FcBffr  Tabls. — CotUiHued. 


He&n  t«np«ratnre 

MeMurcd 

of  three  mereurj 

CUeulBlod 
iMutuiceorooU. 

coil 

DiSeronce. 

Bcmu-U. 

degrees  Cont. 

(reduced). 

8  J -8 

1-2068 

1-1912 

--01 56 

87-8 

1-2209 

1-2030 

—  0179 

98-3 

1-2338 

1-2237 

-■0101 

989 

1-2469 

1-2360 

-■0100 

104-4 

1-2695 

1-2493 

-■0202 

110-0 

1-2723 

1-2611 

-•0112 

115-6 

1-2851 

1-2743 

--01 08 

121-1 

1-2974 

1-2952 

—0022 

126-7 

1-3099 

1-2856 

-■0243 

1S2-2 

1-3222 

1-3195 

-•0027 

137-8 

1-3344 

1-3317 

--0027 

143-3 

1-3465 

.  1-3392 

—0073 

148-9 

1-3587 

1-3511 

-■0076 

154-4 

1-3707 

1-3644 

-■0063 

160-0 

1-382S 

1-3773 

-■0053 

1656 

1-3945 

1-3911 

-0034 

171 -1 

1-4061 

1-4088 

+  -0027 

176-7 

1-4179 

1-4426 

+  ■0247 

182-2 

1-4249 

1-4327 

+-0078 

187-8 

1-4420 

1-4411 

--0009 

193-3 

1-4524 

1-4530 

+  ■0006 

198-9 

l-46»5 

1-4615 

--0070 

204-4 

1-4760 

1-4745 

--0015 

210-0 

1-4864 

1-4797 

— -0067 

215-6 

1-4977 

1-4909 

--0068 

2211 

1-5087 

1-5096 

+•0009 

226-7 

1-5198 

1-5132 

-■0066 

232-2 

1-5307 

1-5323 

+  -0016 

237-8 

1-5863 

1-5450 

-■0087 

243-3 

1-5526 

1-5535 

+  ■0009 

248-9 

1-5634 

1-5596 

-■0038 

264-4 

1-5741 

1-5778 

+  ■0037 

260-0 

1-5849 

1-5908 

+  •0059 

265-6 

1-5935 

1-6007 

+  ■0048 

271-1 

1-6060 

1-6001 

— -0059 

276-7 

1-6167 

1  6195 

+  •0028 

282-2 

1-6210 

16295 

+  ■0085 

287-8 

1-6375 

I -6375 
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SECOND  TABLE. 

Shoving  the  Meatured  Inerease  of  Be$utanee$  wWi  the  InerMUof  Tj 
perature  of  a  OoU  of  Platinum  Wvre  of  0009  inohet  diameter,  m  At 


Mean  tem- 

■ 

perature  of 

Calculated 

Measured 

•       A.                            —^ 

tluee  mercury 

resistance  of 

ntutanoeof 

Difference. 

Benuurkf. 

nnil. 

OOll 

9 

in  degrees 

WAA* 

(reduced). 

Cent. 

rin  snow  and  wat 

0- 

1-0000 

1000 

— 

1      oompletelj   sv 

]      rounding  the  c 

chamber* 

8-5 

1-0135 

1012 

-0010 

120 

1-0296 

1029 

-0006 

%^A«W^B^^nv  ^rw  V 

14-5 

1-0358 

1036 

-♦-•0002 

22*3 

10541 

1048 

-0661 

33*8 

1-0835 

1-085 

-f-0015 

84-0 

1-0840 

1-085 

+  -0010 

46*2 

11141 

1107 

-0071 

860 

1-2123 

1-213 

-f-0007 

100-0 

1-2468 

1-260 

+•0032 

r  In  the  steam  ( 
\     boiling  water. 

1127 

1-2771 

1-287 

-f-0099 

Barometer  at  30ii 

123-2 

1-3040 

1-309 

4-0050 

1480 

1-3486 

1-357 

-f-0264 

1590 

1-3922 

1-404 

-f  0118 

160-3 

1-4002 

1-404 

-f-0038 

171-8 

1-4224 

1-426 

+  •0036 

187-3 

1-4618 

1-485 

■f-0132 

193-5 

1-4770 

1-492 

+  0150 

I960 

1-4832 

1-494 

+  -0108 

197-7 

1-4873 

1-496 

+  •0087 

201-0 

1-4955 

1-499 

+  -0035 

2060 

1-5080 

1-607 

-•0010 

206-3 

1-5085 

1-511 

+  -0025 

212-3 

1-5233 

1-629 

+  -0057 

2140 

15275 

1-532 

+  •0045 

214-7 

1-5292 

1-536 

+  -0058 

2220 

1-5461 

1-559 

+  -0129 

2310 

1-5693 

1-556 

-0033 

238-6 

1-5877 

1-588 

+  -0003 

2470 

1-5986 

1-603 

+•0044 

2540 

1-6258 

1-669 

+  0332 

264-6 

1-6518 

1-654 

+  -0022 

275-0 

1-6774 

1-698 

+  -0106 

2820 

1-6946 

1-702 

+  -0074 

804-0 

1-7486 

1-741 

— -0076 

823-0 

1-7953 

1-780 

—  0158 

334-0 

1    1-8220 

\    VftOX. 

\    — -OTllQ 

3400 

1    1-8370 

\     \ZVk 

\    --QV^^ 

\ 
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THIED  TABLE. 

As  Mecaured  Increase  of  Eesiatances  with  the  Increase  of  Tm^ 
^ofa  Coil  of  Platinum  Wire  o/0'009  inches  diameter  in  Oil 

FmsT  S£Riss. 


iro 

r 

ten 

Calculated 

reflbtanceof 

ooiL 

Meaittied 

resifltanoe  of 

coil 

(reduced}. 

Difference* 

Remarkf. 

1-0000 

1-00 

,_^ 

In  ice  surronndiDg 

1-0872 

1-04 

+  •0028 

the  casing. 

1-2454 

1-25 

+  '0040 

In  boiling  water. 

1-4856 

1-43 

--0056 

1-4900 

1-49 

— 

1-5788 

1-58 

+  •0012 

1-7095 

1-71 

+  -0005 

1-7710 

1-77 

-  -0010 

1-8400 

1-84 

""~ 

SeCOKD  S£RI£S. 


ore 

e 

7 
)ten 

•  0. 


Calculated 

reuBtance  of 

coil. 


1-0000 
1-0372 
1-2454 
1-4001 
1-5147 
1-5911 
1-7489 
1-8547 


Measured 
reaistanceof 

coil 
(reduced). 


1-00 
1-04 
1-25 
1-40 
1-52 
1-70 
1-75 
1-85 


Difference. 


+ 
+ 

+ 
+ 
+ 


-0028 
•0046 
•0001 
-0053 
•1089 
•0011 
•0047 


Remarks. 


In  ice  BTUTonnding 

the  casing. 
In  boiling  water. 

{Evidently  an  error 
of  observation  or 
notation. 
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FOURTH  TABLE. 

Shounng  the  Measured  Increase  of  Resistance  with  the  Increase  ofTtm 
perature  of  a  Coil  of  Copper  Wire  0/ 0-008  inches  ^UamHter. 

F1B8T  Series. 


Mean 

temperatiure 
of  three 

Calculated 
resiBtance  of 

Measured 

resistance  of 
•1 

Difference. 

Remarkn. 

mercuiy 

coil. 

cou 

thermometen 

(reduced). 

in  degrees  0. 

0 

1-0000 

1-00 

^^^^ 

In  ice  surrounding 

23 

1-0905 

1-09 

-  -0005 

the  casing. 

100 

1-3876 

1-38 

-   0076 

In  boiling  water. 

166 

1-6396 

1-63 

-  -0096 

168-2 

1-6480 

1-64 

-  -0080 

.      210 

1-8053 

1-80 

-  -0053 

215 

1-8240 

1-82 

-  -0040 

276 

2-0514 

2-04 

-  -0114 

. 

280 

2-0662 

2-05 

-  '0162 

315 

2-1958 

2-17 

-  -0258 

322 

2-2316 

2-20 

-  -0316 

342 

2-2958 

2-26 

-0358 

Showing  the  Measured  Increase  of  Resistance  with  the  Increase  of  Te 
perature  of  a  Coil  of  Copper  Wire  q/*  0-008  inches  diameter  in  OiL 

Second  Series. 


Mean 

temperature 
of  three 

Calculated 
resistance  of 

Measured 
resistance  of 

Difference. 

Bemarin. 

mercuiy 

ooiL 

coil 

thermometers 

(reduced). 

in  degrees  C. 

0 

1-0000 

1-00 

_ 

In  ice  suiTOundinf 

15 

1-0591 

1-06 

4- -0009 

the  casing. 

100 

1-3886 

1-39 

4-  -0014 

In  boilinir  water. 

182 

1-7000 

1-70 

.^. 

220 

1-8427 

1-85 

+  -0073 

255 

1-9734 

1-98 

-f  -0066 

296 

2-1256 

2-13 

4- -0044 

327 

2-2400 

2-24 

846 

2-3100 

2-32 

+  -0100 
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FIFTH  TABLE. 

thawing  the  Measured  Increase  of  Besistance  with  the  Increase  of  Tern 
perature  of  a  Coil  of  Iron  Wire  of  0'0OS6  inches  diameter. 

F1R8T  Series. 


Mean 

temperature 
oeT  three 
mereniy 

Calculate 
reeiBtanoe  of 

Measured 
resiBtance  of 

Diflbreuce. 

Bemarka. 

tliennameten 
in  degrees 

ooiL 

(reduced). 

• 

0 

1-0000 

1-00 

In  ice  BUTFomidmg 

15 

1-0897 

1-09 

-I--0003 

the  casing. 

100 

1-5857 

1-57 

--0157 

In  boiling  water. 

134 

1-7758 

1-78 

-f-0042 

148 

1-8540 

1-86 

+  •0060. 

216 

2-2292 

2-10 

-•1291 

r  Evidently  an  error 

260 

2-4676 

2-47 

+•0024 

<      of  observation  or 
1      notation. 

305 

2-7085 

2-71 

+•0015 

847 

2-9300 

2-93 

"■• 

Second  Series. 


Mean 

|tamperature 
of  three 
xnercuiy 

Calculated 
resistance  of 

Measured 
resistance  of 

AAll 

Difference. 

Bemarks. 

Jiannometers 
in  degrees 

coil. 

(reduced). 

Cent. 

0 

1-0000 

1-00 

^ 

In  ice  Hurronnding 

15 

1-0897 

1-09 

+  •0003 

the  casing 

100 

1-5857 

1-57 

-•0157 

In  boiling  water 

140 

1-8094 

1^75 

-•0594 

198 

2-1300 

2^13 

•— 

1^  Evidently  an  error 

256 

2-4461 

2-45 

+•0039 

<      of  observation  or 
(     notation. 

313 

2-7457 

2-75 

+•0043 

347 

2-9300 

2-93 

"^ 
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SIXTH  TABLE. 


Shotoing  the  Meaiured  Ineretue  <ff  BeMtanee  trith  the  Inereau  of  1 
pereUure  of  a  Coil  of  Aluminium  Wire  of  "008  inchee  diameter. 


F1R8T  Series. 

Memn 

tempentare 
of  three 

Calculftted 
rcsittance  of 

MeMmed 

leiifitaiiee  of 

coil 

(reduced). 

Difference. 

Bemarb. 

ooiL 

in  degrees  C. 

0 

1- 

1- 

^^^ 

In  ice  Biirroimdiii 

14-17 

1-06548 

1062 

—00848 

the  casing. 

118-5 

1-53118 

1-530 

--00118 

144-^5 

1-64258 

1-642 

—00053 

21117 

1-92675 

1-920 

-•00675 

241-87 

2-05288 

2-044 

--00888 

283-2 

2-22569 

2-221 

-  -00469 

804-8 

2-81418 

2-318 

-•00118 

Second  Series. 


Mean 

tempextttnre 

of  three 

mercury 

thenDooieters 

in*depeefO. 


804-8 
268-17 
170-2 
187-77 
89-9 
24-78 


Gelculated 

reaetanoeof 

ooiL 


2-81418 

2^1482 

1-75358 

1-61463 

1-40602 

1-11888 


Measured 

resiitance  of 

coil 

(reduced). 


2-818 
2124 
1-709 
1-565 
1-856 
1^071 


Difference. 


•00118 

-0192 

-04458 

-04968 

-05002 

-04288 


Bemailu. 
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SEVENTH  TABLE. 

Showing  the  Measured  Increase  of  Resistance  with  Increase  of  Tern- 
perature  of  a  Coil  of  Silver  Wire  of 'OOS  inches  diameter. 

First  Sbbibs. 


Mean 

tenperatim 

of  three 

mefcury 

tlieniioiDeteri 

in  degrees  C. 

OKleulflted 

zeaistanoeof 

coil. 

Mearared 

reeistance  of 

ooil 

(reduced). 

Difference. 

Bemarks. 

0 
19-93 

1- 
1-07443 

1- 
1-074 

--00043 

In  ice  surronnding 
the  casiBj^. 

66-57 

1-24817 

1-26 

+•01183 

118-63 

1-44109 

1-45 

-h -00891 

150-63 

1-55999 

1-56 

-f-OOOOl 

2191 

1-81307 

1-81 

--00307 

262-5 

1-97313 

1-98 

-•00687 

803-8 

2-12524 

2-13 

-•00476 

Second  Skbiss. 


Hean 

temperatitre 

ot  three 

mercuiy 

tneriiioiueters 

in  degrees  0. 


d03^8 
275-1 
235-1 
219-5 
164-5 
116-5 
19-3 


Calculated 

resistance  of 

coiL 


2-12624 

2-01956 

1-8721 

1-81464 

1-61132 

1-42988 

1-07208 


Measured 

resistance  of 

coil 

(reduced). 


2-13 
202 
1-87 
1-81 
1-60 
1-41 
1069 


Difference. 


-•00476 

-•00044 

+•0021 

+ -00454 

+-01 132 

+-01988 

+•00308 


Bemarls. 


Vol.  hl 
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PAET  SECOND. 

On  Measuring  Temperatures,  including  Furnace  Tempera- 
tures, BY  Electrical  Resistance. 

In  the  early  days  of  submaririe  telegraphs,  it  frequently  hap- 
pened that  the  insulated  conductor,  which  had  tested  well  at  the 
cable  works,  proved  faidty  after  the  cable  had  been  submerged,  and, 
upon  examining  such  faulty  cable,  the  metallic  conductor  was  found 
to  have  sunk  through  the  gutta  percha  covering,  an  effect  which 
could  not  be  satisfactorily  accoimted  for  by  accidental  causes,  such 
as  may  arise  in  joining  wires  during  the  process  of  manufactoie; 
whereas  the  effect  of  heat  of  an  intensity  of  at  least  38^  Centignde, 
or  of  suf&cient  intensity  to  soften  or  melt  the  gutta  peicha  covenng 
of  the  cable,  was  generally  traceable. 

In  1860,  when  professionally  engaged  on  behalf  of  Her 
Majesty^s  Government  in  superintending  the  examination  of  tibe 
electrical  condition  of  the  Malta  and  Alexandria  Telegraph  GaUe, 
during  its  manufacture  and  submersion,  it  appeared  to  me  that 
heat,  as  revealed  by  its  disastrous  effects,  might  be  spontaneonal^ 
generated  within  a  large  mass  of  cable,  either  when  coiled  up  at 
the  works  or  on  board  ship,  owing  to  the  influence  of  the  moist 
hemp  and  iron  wire  composing  its  armature.  In  considering  the 
means  by  which  such  rise  of  temperature  within  the  mass  might 
be  observed,  my  attention  was  directed  towards  that  proper^  of 
metallic  conductors  of  offering,  in  a  rising  temperature,  an  in- 
creasing resistance  to  an  electrical  current,  to  which  attention  has 
been  drawn  in  the  First  Part  of  this  Lecture. 

Now,  an  instrument  constructed  on  the  principle  of  the  increase 
of  electrical  resistance  with  rise  of  temperature,  would  poaaess  tlie 
obvious  advantage  that  the  metallic  conductor  under  obaenration 
might  be  at  some  distance  from  the  observing  instrument^  and 
'need  not  be  disturbed  for  making  observations.  Accordinglj,  I 
prepared  coUs  of  copper  wire  insulated  with  silk,  whose  dedtikd 
resistance  having  been  ascertained  and  adjusted,  were  enclosed  in 
iron  tubes,  with  the  ends  hermetically  sealed,  but  allowing  thick 
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mlated  leading-wires  to  pass  outward.  These  piotected  coils 
le  placed  at  various  points  within  the  mass  of  cable  as  it  was 
led  in  the  ship's  hold^  the  insulated  leading-wires  being  taken 

0  the  testing  cabin.  These  arrangements  proved  of  great 
lily  in  saving  this  and  subsequent  cables  from  destruction; 
;  although  the  external  layers  of  cable  remained  cool  to  the 
pth  that  mercury  thermometers  could  be  inserted,  the  coils 
iced  in  the  interior  of  the  large  mass  indicated  a  steady  rise  of 
nperature  which  had  reached  98^  Fahr.  when  the  ofBcial  test 
8  made.  A  few  degrees  of  additional  rise  of  temperature  must 
7e  destroyed  the  insulation  of  the  cable,  I  therefore  urged  that 
d  water  should  be  poured  over  it  This  was  not  effected  with- 
li  strong  opposition  on  the  part  of  the  incredulous  ;  but  when  at 
t  the  water  of  the  Thames,  which  was  covered  at  the  time  with 
iting  ice,  was  pumped  over  the  cable,  it  issued  therefrom  at  the 
uperature  of  78°  Fahr.,  thus  proving  the  general  correctness  of 
i  electrical  indications  previously  observed. 

It  may  be  here  remarked,  that  in  consequence  of  this  practical 
t,  the  Government  consented  to  the  construction  within  the 
pi's  hold  of  water-tight  iron  tanks,  and  also  to  the  cable  being 
)merged  in  water  during  its  passage  from  the  works  to  its 
itmation,  precautions  which  have  ever  since  been  adopted  in 
ing  submarine  cables. 

Stimulated  by  these  results,  it  occurred  to  me  that  an  instm- 
B%  of  more  general  application  might  be  constructed  for 
asnring  the  temperature  of  inaccessible  places ;  and,  that  on  the 
Qe  principle,  a  reliable  pyrometer  might  be  made,  an  instrument 
great  requisition  in  the  useful  arts  for  obviating  the  uncertain 
i  contradictory  statements  regarding  the  temperature  at  which 
siting  and  other  operations  are  accomplished.  Various  practical 
iculties  were  encoimtered  in  working  out  these  problems,  which 
re,  however,  been  gradually  lessened  or  overcome,  and  my  labours 
re  resulted  in  the  production  of  several  tjrpes  of  thermometrical 

1  pyrometrical  instruments. 

When  the  temperature  of  an  inaccessible  place  whose  tempera- 
0  has  to  be  measured  is  not  above  the  boiling  point  of  water, 
thermometer  coil  is  variously  constructedi  according  to  the 
ition  in  which  it  may  have  to  be  placed. 

Y  2 
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lermo- 
trie 
littance 
il. 


The  simplest  of  these 
is  shown  in  the  accom- 
panying sketchy  and  con- 
sists of  a  spiral  of  insu- 
lated wire  woimd  upon  a 
cylindrical  piece  of  wood 
or  metal  enclosed  in  a 
cylindrical  silver  casing, 
the  two  extremities  of 
the  wire  being  soldered 
to  thicker  insulated  wires, 
a  third  thicker  wire  being 
joined  to  one  of  the  other 
two,  the  three  forming 
a  light  cable.  This  in- 
strument I  use  for  mea- 
suring ordinary  tempera- 
tures on  land,  and  in  this 
form  the  apparatus  would, 
I  conceive,  be  useful  to 
the  physiologist  or  the 
medical  man  for  ascer- 
taining the  temperature 
of  the  human  body  under 
certain  influences  vdthout 
disturbing  it  The  instru- 
ment is  extremely  sensitive,  and  temperatures  may,  with  a  good 
Wheatstone  balance,  be  read  off  to  within  a  tenth  of  a  degree 
Fahrenheit.* 

In  this  arrangement  of  apparatus  the  indications  of  tki 
thermometric  resistance  coil,  or  instrument  described,  are  read  dt 
by  direct  comparison  with  a  mercury  thermometer,  which  laW 
will  represent  the  exact  temperature  of  the  former  at  a  d]StaDoe,i( 
may  be,  of  several  miles. 

*  An  instrument  similar  in  amngement  to  thd  One  liefe  meniionad  wu  SfUoAd 
by  me  before  the  Physical  Section  of  the  British  Atsodation  afc  Miiiiilintg»  t> 
1861 ;  and  a  modified  arrangement  for  measuring  deep  tea  teiupeimtiiw  m  P^ 
sented,  in  the  joint  namet  of  Dr,  Werner  Siemens  and  myiel^  to  tlw  BcrliB 
in  1863. 
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The  principle  is  as  follows : — 


Fig.  4. 


When  two  si- 
milar thermometer 
coils  have  different 
temperatures,  they 
have  also  dififerent 
resistances,  and, 
therefore,  in  order 
to  make  them 
equal,  the  tempe- 
rature of  the  one 
in  the  room  must 
be  made  equal  to 
that  of  the  other  at 
a  distance.  A  plan 


of  the  way  in  which  this  is  arranged  is  shown  in  fig.  4.  The  two 
inedstances,  A  and  B,  forming  the  left-hand  side  of  the  parallelo- 
gram, consist  of  coils  of  silk-covered  German  silver  wire,  each  of 
500  units,  and  both  wound  upon  the  same  bobbin,  so  as  to  have 
tfae  same  temperature.  The  resistance  thermometer,  T^  of  about 
500  units,  is  placed  at  the  distant  point,  whilst  the  comparison 
tihannometer,  T,  precisely  equal  in  respect  of  material  and  resistance 
'to  T^  is  placed  in  the  testing  room,  and  these  are  connected  with 
file  other  resistances  by  the  two  leading  wires,  1  and  T.  The  lower 
end  of  1  is  put  to  earth  at  T^  but  the  corresponding  end  of  1  is  con- 
jiected  with  one  side  of  the  resistance  thermometer,  T^  and  then 
with  the  earth.  In  the  testing  room  the  leading  wire,  V,  is  con- 
nected directly  with  the  resistance,  B,  and  with  the  galvanometer ; 
whilst  1  is  connected  with  the  resistance  A,  the  galvanometer  and 
the  balance  thermometer,  T.  The  leading  wires,  1  and  V,  are  of 
copper,  of  the  same  gauge,  insulated  with  gutta-percha  and  spun 
up  together,  so  that  they  are  equally  affected  by  changes  of  tem- 
perature at  intermediate  places,  and  have  therefore  always  equal 
resistances.  For  protection  against  mechanical  injury,  the  leading 
wires  are  covered  with  hemp  and  sheathed  with  a  laminated  cover- 
ing of  copper. 

Thus  arranged,  the  balance  thermometer,  T,  is  inmiersed  in  a 
bath  of  water^  the  temperature  of  which  can  be  varied. 
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When  electrical  equilibrium  is  to  be  obtained,  it  is  evident 

that  the  relation  -^r-  =  -7=7 — rr  must  first  be  established.    And 

B        T  -f  1 

since  A =8  and  1=1',  it  follows  that  this  equilibrium  can  only 
occur  when  T=T' ;  that  is  to  say,  when  the  resistances  of  the 
distant  and  of  the  balance  thermometers  are  equal,  or,  in  other 
words,  when  their  temperatures  are  alike. 

In  making  an  observation  with  this  apparatus,  it  is  therefore 
only  necessary  to  heat  or  cool  the  water  in  which  T  is  inmiersed, 
and  to  read  oflF  its  temperature  upon  an  ordinary  mercury  ther- 
mometer the  moment  that  electrical  equilibrium  is  observed.  The 
temperature  thus  noted  is  that  of  the  distant  station. 

The  comparison-coil,  the  temperature  of  which  has  to  be 
adjusted,  consists  of  a  coil  of  fine  silk-covered  iron  or  copper  wire, 
corresponding  with  the  wire  employed  for,  and  of  a  resistance 
precisely  equal  to,  that  of  the  thermometer-coil  at  a  standard  tem- 
perature. It  is  woimd  upon  a  short  length  of  metal  tube  and 
enclosed  in  an  outer  protecting  capsule  of  silver,  or  other  metal,  to 
guard  it  against  mechanical  injury  and  against  the  ingress  of 
water,  which,  by  causing  short  circuits  between  the  convolutions, 
would  render  its  indications  inexact  The  open  end  of  the  pio- 
tecting  capsule  is  fitted  with  a  vulcanite  stopper  through  which 
two  thick  copper  leading  wires,  forming  the  end  of  the  resistance 
coil,  are  passed. 

The  water  bath  used  with  this  instrument,  and  which  I  have 
foimd  very  convenient  for  raising  or  lowering  the  temperature  of 
the  comparison-coil  to  that  of  the  distant  spot,  consists  of  a  cylin- 
drical copper  vessel,  on  one  side  of  which  a  mercury  thermometer 
is  fixed  in  a  suitable  frame;  the  bidb  and  lower  part  being 
protected  by  a  perforated  shield.  There  are  two  funnels  for 
supplying  hot  and  cold  water  respectively.  The  cold  water  pipe 
ends  near  the  top  of  the  vessel,  and  is  bent  outwards,  so  that  the 
cold  water  entering  and  falling  to  the  bottom  may  distribute  itself 
as  it  falls.  The  hot  water  pipe,  on  the  other  hand,  ends  at  the 
bottom  of  the  vessel,  so  that  the  hot  water  may  rise  and  difiiise 
itself.  In  addition  to  this,  the  latter  pipe  is  provided  with  a 
flexible  tube,  through  which  air^is  blown  from  the  mouth,  and 


319 


ibblii^  up  through  the  water  keeps  it  well  mixed  and  of  iiniform 
imperaturfl.* 

When  the  deflection  of  the  galvanometer  needle  is  towards  the 
ft  it  indicates  that  the  bath  ie  too  cold,  and  vice-versl  The 
lerator  then  adds  hot  or  cold  water,  as  the  case  may  be,  until  the 
dance  of  electrical  resistance  is  established,  when  the  mercury 
iermoniet«r  gives  a  true  reading  of  the  temperature  at  the 
istant  place. 

B7  the  use  of  a  similar  arrangement  of  apparatus  and  burying 
]e  resistance  thermometers  at  various  depths  in  the  ground,  the 
smperature  may,  without  disturbing  the  coils,  be  registered  with 
le  utmost  accuracy  at  different  periods  from  year's  end  to  year's 
id.  In  like  manner,  the  temperature  of  the  atmosphere  at 
levated  points  may  be  registered  in  a  consecutive  manner. 

In  constructing  a  thermometer  adapted  for  measuring  deep  sea  Reaiatan* 


I)  The  resistance  must  increase  or  decrease  with  a  higher  or  lower  "RsinBt 
nnperatnre,  sufficiently  to  allow  of  an  exact  reading  to  one-tenth 
Ta  d^ree  Fahrenheit  (2)  The  wire  must  be  so  protected  mechani- 
tlly  that,  under  the  pressure  of  a  column  of  water  of  3,000  fathoms, 
would  remain  perfectly  insulated.  And  (3)  the  wire  must  be  so 
nled  as  to  be  readily  affected  by  slight  changes  of  temperature  in 


*  Bince  tlie  abore  km  written,  I  haro 
adopted  a  modified  Bmcgement  of  tbii  sppm- 
ratni  ihoini  in  the  annexed  flgnre.  It  conaiita 
of  a  plain  c  jlindrical  tgbssI,  into  which  a  more- 
able  tube  IB  itnmened,  containing  the  coil  and 
tiie  mercuiy  thermometer.  A  flange  at  the 
bottom  of  the  tube  seiree  to  agitate  the  water 
in  noTing  the  tube  up  and  down,  and  thus 
Berree  [to   equalize  the   tempeistun   of  the 
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its  vicinity.  To  effect  this,  a  fine  iron  or  copper  wire,  insulated 
with  silk,  is  coiled  in  two"  or  three  layers  upon  the  brass  tube,  aa, 
as  shown  in  section  in  fig.  5.  One  end  of  this  wire  is  soldered  to 
the  tube :  the  other  to  a  copper  wire  insulated  with  gatta-peicha 


Fig.  5. 

and  carried  through  a  hole  to  the  interior.  Over  each  end  of  the 
tube  is  drawn  a  piece  of  vulcanized  india-rubber  pipe,  b  and  b',  in 
the  space  between  which  the  wire  is  coHed.  Over  the  whole  is 
then  drawn  a  larger  india-rubber  pipe,  cc,  which,  after  being  padded 
outside  with  hemp  yam,  is  lashed  tightly  down  by  a  stout  bindiiig 
wire.  The  gutta-percha  covered  wire  forming  the  insulated  end  of 
tlie  coil  is  placed  between  the  india-rubber  pipes,  b  and  c,  which 
are  so  compressed  by  the  lashing  as  to  close  in  upon  it  on  all  sides. 
The  end  of  this  wire  is  soldered  to  one  of  the  leading  wires;  the 
other  leading  wire  being  soldered  to  the  top  of  the  brass  tube.  The 
whole  is  carried  upon  the  end  of  the  cable  or  sounding  line, 
which  contains  the  leading  wirea  The  reason  for  leaving  the 
interior  tube  open  at  both  ends  is  to  allow  a  free  paasage  for  the 
water  through  it,  in  order  to  ensure  the  coil  taking  quickly  the 
surrounding  temperature. 

Thermometer  coils  constructed  in  this  manner  are  found  to  be 
unaffected  by  any  hydrostatic  pressure  to  which  they  may  be  sub- 
jected. As  a  test  of  their  insulation,  I  subject  all  those  intended 
for  deep  sea  soundings  to  pressure  under  water  before  being  finally 
connected  with  the  sounding  lines. 

An  instrument  of  this  description  was  prepared,  in  1869,  for 
the  Dredging  Committee,  by  which  readings  could  be  obtained  to 
one-tenth  of  a  degree  of  Fahrenheit's  scale,  with  the  greatest 
accuracy,  in  lowering  the  thermometer  coil  to  the  bottom  of  the 
harbour.  Unfortimately,  however,  accurate  results  could  not  be 
obtained  in  deep  water,  because  the  motion  of  the  ship  rendeied 
the  needle  of  the  galvanometer  employed  too  unsteady  to  allow  of 
dependence  being  placed  upon  its  indications.* 

•  A  siznilar  apparfttus  has  been  taken  out  on  board  H.M.'S  iteQiii-alup*H}hannfert* 
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The  veiy  high  degree  of  heat  to  which  pyrometers  have  to  be  Betuti 
raised,  renders  it  necessary  to  construct  them  as  nearly  indestruc-  t©d^ 
tible  by  fire  as  possible,  and  of  a  material  which  is  not  liable  platini 
to  any  permanent  change  by  sudden  variations  in  and  elevation 
of  temperature.     Platinum  is  a  metal  which  is  well  suited  for 
this   purpose,  in  every  way,   as    it  does  not,  when  annealed, 
alter  its  specific  electrical  conductivity  by  the  application  of  heat ; 
whilst  the  variation  of  its  measured  resistance,  due  to  change 
of  temperature,  is  sufficiently  great  to  allow  of  exact  readings.    But 
special  precautions  had  to  be  observed  in  providing  a  resistance 
wire  of  suitable  quality,  and  in  protecting  the  same  from  the  hot 
gases  of  furnaces,  which  would  exercise  a  chemical  action  upon  it. 

The  pyrometer  coil  which  I  prefer  is  made  of  fine  platinum 
wire  of  0*01  inch  diameter,  the  resistance  of  which  averages 
3*6  units  per  yard  of  length.  This  wire  is  coiled  upon  a  cylinder 
of  hard  baked  pipe-clay  in  which  a  double  threaded  helical  groove 
is  formed,  to  prevent  the  convolutions  from  coming  into  contact 
with  each  other.    The  form  of  pipe-clay  cylinder  is  shown  in  fig.  6. 


Fig.  6. 

At  each  end  of  the  spiral  portion,  BB,  it  is  provided  with  a  ring- 
formed  projecting  rim  c  and  c',  the  purpose  of  which  is  to  keep  the 
cylinder  in  place  when  it  is  inserted  in  the  outer  metal  case,  and 
to  prevent  the  possibility  of  contact  between  the  case  and  the 
platinimi  wire.  Through  the  lower  ring  c',  are  two  small  holes, 
bb',  and  through  the  upper  portion  two  others  aa'.  The  purpose  of 
the  upper  holes,  aa',  is  for  passing  the  ends  of  the  platinum  wires 
through,  before  connecting  them  with  the  leading  wires.    From 

in  her  exploring  expedition,  in  which  a  Thomson  marine  galyanometer  was  tuhBti- 
tuted  for  the  more  simple  instrmnent  used  on  the  preyioua  occasion,  and  which  is 
better  suited  for  taking  readings  notwithstanding  the  motion  of  the  vessel.  Con- 
■idering  that  the  zero  position  of  the  galvanometer  has  onlj  to  be  ascertained,  the 
diAooltj  of  operating  with  this  instrument  would  not  be  considered  great  bj  those 
who  are  accustomed  to  electric  obserrations  on  board  ship,  although  they  are  still 
eonsiderable  to  the  uninitiated  in  this  class  of  observations,  and  renders  the  produc- 
tion of  a  more  simple  current  detector  a  matter  of  considerable  interest. 
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these  two  holes,  downwards,  platinum  wires  are  coiled  in  parallel 
convolutions  round  the  cylinder  to  the  bottom,  where  they  are 
passed  separately  through  the  holes  bb'.  Here,  they  are  twisted, 
and,  by  preference,  fused  together  by  means  of  an  oxy-hydrpgen 
blow-pipe.  At  this  end,  also,  the  effectiye  length  and  resistance 
of  the  platinum  wire  can  be  adjusted,  which  is  accomplished  by 
forming  a  return  loop  of  the  wire,  and  providing  a  connecting 
screw-link  of  platinum,  L,  by  which  any  portion  of  the  loop  can 
be  cut  off  from  the  electric  circuit. 

The  pipe-clay  cylinder  is  inserted  in  the  lower  portion  A  A,  of 
the  protecting  case,  shown  in  fig.  6.    This  part  of  the  case  is  made 
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of  iron  or  platinum,  and  is  fitted  into  the  long  tube,  CO,  which  is 
of  wrought  iron,  and  which  serves  as  a  handle.  When  the  lower 
end  of  the  casing  is  of  iron,  there  is  a  platinimi  shield  to  protect 
the  coil  on  the  pipe-clay  cylinder.  The  purpose  of  the  platinum 
casing  is  to  shield  the  resistance  wire  against  hot  gases,  and 
against  accident.  At  the  points,  AA,  fig.  6,  the  thick  platimmiy 
wires  are  joined  to  copper  connections,  over  which  pieces  of  ordi- 
nary clay  tobacco-pipe  tube  are  drawn,  and  which  terminate  in 
binding  screws  fitted  to  a  block  of  pipe-clay,  closing  the  end  of  the 
tube.  A  third  binding  screw  is  provided,  which  is  likewise  con- 
nected with  one  of  the  two  copper  connecting  wires,  and  which 
serves  to  eliminate  disturbing  resistances  in  the  leading  wires,  as 
will  be  explained  in  the  third  part  of  this  paper. 

If  temperatures  not  exceeding  a  bright  red  heat  are  to  be 
measured,  the  platinum  protecting  tube  may  be  dispensed  with, 
and  iron  or  copper  substituted.* 

*  In  experimenting  with  pjrrometen  with  platinum  ouingt,  no  tppvedibb 
deterioration  of  the  platinimi  wire  or  change  in  ita  oondoctiTitj  at  0*  Oentigitdt 
has  been  obserred,  beyond  what  is  due  to  the  complete  annealing  of  the  win  in  te 
first  instance.  With  a  view,  howeyer,  of  saying  expense,  the  pioteoting  tndM  of 
subsequent  instruments  was  made  of  wrought  iron ;  and  an  inatmment  of  ^w^ 
struction  was  submitted  for  trial  to  a  Committee  apppointed  by  tha  Biitiah 
ciation  in  1872-8.    To  mj  surprise  it  was  found  that  eaoh  tame,  alter  the  MA  M 
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The  pipe-clay  tube,  upon  which  the  platinum  wire  is  wound,  is,  Ij"^?*****'' 
when  cold,  highly  insulating ;  when  heated,  its  conducting  power  olay  cj. 
increases,  though  not  to  duch  an  extent  as  to  occasion  any  percep-  ^^®'- 
tible  error. 

In  order  to  investigate  the  extent  of  this  increasing  conducti- 
yity,  I  coiled  a  length  of  platinum  wire  round  a  pipe-clay 
pyrometer  cylinder  in  the  ordinary  way  between  the  leading  wires, 
and  then  cut  the  wire  at  the  bottom,  so  that  the  current  passing 
between  the  leading  wires  would  have  to  traverse  the  body  of  the 
pipe  day,  and  then  measiured  its  resistance  at  various  temperatores, 
with  the  following  results : — 

Cold 1,000,000  units. 

12,000 


At  intervals  whilst  red-hot 


At  white  heat 


At  intervals,  in  a  gas  furnace 
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The  resistance  of  the  cylinder,  when  cold,  returned  to  its 
original  value,  and  after  repeated  experiment,  produced  the  same 
results,  whence  it  follows  that  the  amount  of  error  caused  by  con- 
been  exposed  to  intense  heat,  the  platinum  resistance  at  standard  temperature  was 
permanently  increased ;  and,  on  examining  the  wire,  it  was  found  to  present  a  rough 
•urfiMe,  and  had  become  brittle.  Prof.  A.  W.  Williamson,  the  Chairman  of  this 
Committee,  suggested  that  this  change  might  be  owing  to  the  reducing  atmosphere 
produced  bj  the  highly  heated  iron  casing,  and  which  would  cause  the  platinum  to 
oombine  with  a  trace  of  reduced  silicon,  taken  from  the  pipe-day  cylinder  in  contact 
irith  the  same.  An  analysis  by  Prof.  Williamson  of  the  altered  wire  confirmed  this 
Tiew,  and  proved  beyond  doubt  the  necessity  of  an  oxidizing  or  neutral  atmosphere 
within  the  protecting  chamber.  This  condition  will  be  best  obtained  in  making  the 
protecting  casing  of  platinum ;  but  for  ordinary  purposes  an  iron  casing  well 
floamelled  on  the  inner  furfi^e,  or  containing  a  lining  of  porcelain,  will  answer 
«qgaUy  welL 
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duction  of  the  pipe-clay  cylinder,  is  practically  inappreciable  until 
a  white  heat  has  been  reached :  but  that  in  measuring  tempeia* 
tures  exceeding  a  white  heat,  it  is  the  tendency  of  the  instnunent 
to  indicate  a  slightly  lower  value  than  the  true  ona 

In  order  to  avoid  inaccuracy  from  this  source,  it  is  desirable  to 
expose  the  instrument  to  intense  heat  for  three  minutes  only,  on  an 
average,  at  the  end  of  which  time  the  observation  should  be  taken. 
This  period  of  exposure  will  have  sufficed  to  heat  the  protecting 
capsule,  and  the  platinum  resistance-wire,  to  within  narrow 
limits  of  the  full  temperature  of  the  furnace,  whilst  it  will  have 
been  insufficient  to  penetrate  and  soften  the  pipe-day  cylinder. 
The  error  caused  by  an  invariable  and  insufficient  period  of  expo- 
sure is,  moreover,  proportional  to  the  temperature,  and  can  be 
determined  by  experiment  at  a  temperature  below  white  heat 

In  adapting  the  resistance  thermometer  to  the  measurement  of 
high  temperatures,  a  wide  range  of  resistances  is  obtained,  and  it 
is  no  longer  necessary  to  determine  these  resistances  with  the  same 
precision  as  in  measuring  slight  variations  of  ordinary  temperature. 
In  this  case  I  dispense  with  the  use  of  galvanometers  and  sub- 
stitute for  the  same  an  instrument  which  I  propose  to  call  a 
differential  voltameter.  The  method  of  measuring  electrical  resist- 
ances by  the  aid  of  this  instrument  will  be  described  in  the  Third 
Part  of  this  paper — '*  On  a  simple  method  of  measuring  electrical 
resistances." 

Although  the  principle  involved  in  the  increase  of  electrical 
resistances  with  increasing  temperatures  is  an  extremely  simple  one, 
the  difficulties  which  had  to  be  overcome  in  constructing  practically 
useful  instruments  for  measuring  high  and  low  temperatures,  were 
considerable.  Various  combinations  and  appliances  had  to  be 
tried  for  protecting  the  thermometer  coils  against  hydrostatic 
pressure,  or  against  the  destructive  heat  of  furnaces.  The  dis- 
turbing effect  of  leading  wires  had  to  be  eliminated,  and  the 
reading  of  the  instrument  rendered  independent  of  mechanical  or 
magnetic  influences,  and  brought  within  the  compass  of  observen 
unti*ained  for  the  delicate  work  of  the  electrician. 

But  the  greatest  drawback  consisted  in  the  imperfect  state 
of  electrical  science  respecting  the  ratio  of  increase  of  electrical 
resistance  with    increase  of   temperature,  for  temperatures  ex** 
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ceeding  the  boiling  point  of  water.  Platinum  is  the  only  avail- 
able metal  for  high  temperatures^  and  little  was  known  of  the 
ratio  of  increase  of  this  metal  even  at  ordinary  temperatures.  I 
was,  therefore,  obliged  to  imdertake  the  series  of  experiments,  with 
the  view  of  determining  the  increase  of  platiniun  resistance  up  to 
high  temperatures,  tending  to  the  establishment  of  the  general  law 
with  regard  to  electrical  resistances — ^which  has  been  dealt  with 
in  the  First  Part  of  this  paper — "  On  the  influence  of  temperature 
upon  the  electrical  resistance  of  metallic  conductors." 

The  resistance  thermometer  and  pyrometer  have  already  been 
applied  to  useful  work.  Professor  Bolzani,  of  Kasan,  uses  them 
for  registering  cosmical  temperatures  at  points  above  and  below 
the  surface  of  the  earth.  Mr.  J.  Lowthian  Bell,  the  eminent 
metallurgist,  employs  the  latter  for  determining  the  temperatures 
at  which  the  various  operations  of  the  blast  furnace  are  carried 
on;  and  I  have  had  various  occasions,  ia  addition  to  the  one 
already  referred  to,  of  obtaining  useful  information  regarding 
the  temperature  of  furnace  gases,  etc.,  by  the  aid  of  these 
instruments. 
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PART  THIRD. 
On  a  Simple  Method  of  Measuring  Electrical  Eesistancis. 

**^^        Although  the  Wheatstone  balance  famishes  the  electrician 

uren 

^ya-  with  the  means  of  measuring  the  resistance  of  electrical  dicuits 

>tep8.  ^^]j  gj^eat  accuracy,  provided  only  that  reliable  resistance  scales 

and  a  delicate  galvanometer  are  at  hand,  its  application  is,  in  many 

cases,  rendered  difficult  on  account  of  the  deUcacy  of  the  apparatus 

and  of  extraneous  disturbing  causes. 

In  cases  where  a  portable  instrument  is  required  which  may 
have  to  be  entrusted  to  inexperienced  hands,  the  want  of  a  more 
simple  method  of  ascertaining  electrical  resistances  makes  itself 
particularly  felt.  Having  had  occasion  to  require  such  an  instru- 
ment for  measuring  temperatures  at  inaccessible  places,  I  pro- 
jected, some  years  since,  a  "  resistance  measurer,"  which  has  been 
described  by  the  Electrical  Standard  Committee  of  the  British 
Association,  in  their  report,  at  Dundee,  of  1867,  and  which  is 
based  upon  the  power  of  balancing  the  potential  values  of  two 
equal  coils  upon  a  magnetic  needle,  by  changing  their  relative  dis- 
tance from  it,  according  to  the  intensity  of  the  two  branch  currents 
emanating  from  the  same  battery ;  this  distance  being  made  the 
measure  of  the  unknown  resistance  inserted  in  one  of  the  two 
branches. 

Dr.  Werner  Siemens  has  produced  a  measuring  instrument  of 
greater  scope  and  convenience,  in  which  an  index  handle  (moving 
a  contact  roUer  upon  a  wire  in  a  circular  groove)  is  carried  round 
upon  a  divided  scale  until  a  magnetic  needle  in  the  centre  of  the 
apparatus  assumes  its  zero  position,  when  the  xmknown  resistance 
is  indicated  upon  the  scale.  The  same  instrument  is  suitable  for 
measuring  greater  resistances  by  the  sine  method;  it  is  also  a 
tangent  galvanometer,  and  has  received  the  appropriate  appellation 
of  an  "  universal  galvanometer." 

These  and  other  ready  methods  which  have  been  projected 
for  measuiing  electrical  resistances  are  useful  auxiliaries  to  the 
Wheatstone  bridge,  from  which  they  differ  chiefly  in  obviating  the 


necessity  of  elaborate  resistance  scales,  without,  however,  removing 
the  difficulty  of  dealing  with  a  delicate  galvanometer. 

Professor  Sir  William  Thomson  has  produced  a  marine  galva- 
nometer, which  is  nearly  independent,  in  its  action,  of  external 
magnetic  influences  and  of  the  disturbing  influence  of  the  ship's 
motion.  But  these  advantages  are  not  realized  without  the 
sensitiveness  of  the  instrument  being,  to.  a  very  great  extent, 
sacrificed.  By  mounting  the  magnetic  needle  of  the  instrument 
npon  a  vertical  spindle  resting  upon  the  end  of  a  lever  vibrating 
under  the  influence  of  a  Neef  s  hammer,  I  succeeded  in  obtaining 
greater  sensitiveness,  but  at  the  cost  of  a  more  complicated 
apparatus. 

At  this  stage  of  my  inquiries,  it  occurred  to  me  that  both  the  Theory  o 
resistance  scales  and  the  galvanometer  might  be  dispensed  with  in  j^^J^^^ 
measuring  electrical  resistances,  by  reverting  to  the  principle  of  the  ^oeat. 
voltameter  in  combination  with  that  of  diflerential  measurement. 

Faraday  established  the  law  that  the  decomposition  of  water  in 
a  voltameter  in  an  unit  of  time  is  a  measure  of  the  intensity  of  the 
current  employed ;  or,  that 

— I  being  the  iatensity,  V  the  volimie,  and  t  the  time. 

According  to  Ohm's  general  law,  the  intensity,  I,  is  directly 
governed  by  the  electro-motive  force,  £,  and,  inversely,  by  the 
resistance,  B^  of  the  electric  circuit,  or,  it  is 

E 

1=5. 

Combining  the  two  laws,  we  have 

E 

which  formula  would  enable  us  to  determine  any  unknown  resist- 
•nce,  B,  by  the  amount  of  decomposition  effected  in  a  voltameter  in  a 
given  time,  and  by  means  of  a  battery  of  known  electromotive  force. 
Practically,  however,  such  a  result  would  be  of  no  value, 
because  the  electromotive  force  of  the  battery  is  counteracted 
by  the  polarization,  or  electrical  tension,  set  up  between  the  elec- 
trodes of  the  voltameter,  which  depends  upon  the  temperature 
and  concentration  of  the  acid  employed,  and  upon  the  condition  of 
tiie  platinum  suzfaces  composing  the  electrodes.    The  resistauce  to 
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be  measured  would,  moreover,  comprise  that  of  the  voltameter, 
which  would  have  to  be  frequently  ascertained  by  other  method^ 
and  the  notation  of  time  would  involve  considerable  incoDvenience 
and  error.  For  these  reasons  the  voltameter  has  been  hitherto  di»- 
caided  as  a  measuring  iusbrument,  but  the  disturbing  causes  just 
enumerated  may  be  eliminated  by  combining  two  similar  voltametea 
in  one  instrument,  which  I  propose  calling  a  "  difTerential  volu- 
meter," and  which  is  represented  in  the  accompanying  drawing. 
It  consists  of  two  similar  narrow  glass  tubes,  A  and  6,  of  about  j 
^  2'5  millimetres  in  diameter, 
fixed  vertically  to  a  wooden 
frame,  F,  with  a  scale  behind 
them  divided  into  millime- 
tres or  other  diviaiona.  The 
lower  endfl  of  these  tubes 
are  enlarged  to  about  6  mil- 
limetres in  diameter,  and 
each  of  them  is  fitted  witli 
a  wooden  stopper  saturated 
vnth  paraffin  and  pierced 
by  two  platinum  wires,  the 
tapered  ends  of  which  reach 
about  25  millimetres  above 
the  level  of  the  stoppei'. 
Hiese  form  voltametric  ^eo 
trodea. 

From  the  enlarged  por- 
tion of  each  of  the  two  vol- 
tameter tubes  a  branch  tube 
emanates,  connected,  by  means  of  an  iudia-nibber  tube,  the  one  U 
the  moveable  glass  reservoir  G  and  the  other  to  G',  fig,  8.  Thw 
reservoirs  are  supported  in  sliding  frames  by  means  of  fridiia 
springs,  and  may  be  raised  and  lowered  at  pleasure.  Th«  iqiper 
extremities  of  the  voltameter  tubes  are  cut  smooth  and  left  open, 
but  weighted  levers,  L  and  L',  are  pro\ided,  with  india-mbberpwU 
which  usually  press  down  upon  the  open  ends,  closing  them,  bol 
admitting  of  their  being  raised,  with  a  view  of  allowing  the  interior 
of  the  tubes  to  be  in  open  communication  with  the  stmospben 
Having  filled  the  adjxkatable  leserroirs  with  dilate  mlphiiric  add, 
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on  opening  the  ends  of  the  vollaiueter  tubes,  the  liquid  in  each  tube 
will  rise  to  a  level  with  that  of  its  respective  resei'voir,  and  the 
latter  is  moved  to  its  liighest  position  before  allowing  the  ends  of 
the  tubes  to  be  closed  by  the  weighted  and  padded  levers. 

The' ends  of  the  platinum  wire  forming  the  electrodes  may  be 
platinized  with  advantage,  in  order  to  increase  the  active  surface 
for  the  generation  oi'  the  gases. 

Figure  9  represents  the  couuections  of  the  voltameter  with  the  ^°™f' 
pyrometer,  ami  also  shows  the 
necessity  for  the  tliiixl  leading- 
wire  I'eferred  to  at  page  28  in  the 
Second  Part  of  tliis  paper.  One 
tilectrode  of  each  voltameter  is 
connected  with  a  common  bind- 
ing screw,  which  latter  may  be 
united,  at  will,  to  either  pole  of 
the  battery,  whilst  the  remain- 
ing two  electrodes  are,  at  the 
same  moment,  connected  witli 
the  other  pole  of  the  same 
battery ;  the  one  througli  t)ie 
constant  i-esistaiice  coil,  X,  aud 
the  other  through  the  unknown 
resiataitce,  X'-  This  itnknown 
resifltance,  X',  is  I'epreseuted  to 
be  a  pyrometer-coil  described  in 
the  Second  Part  of  this  paper. 

By  turning  the  commutator 
seen  at  tig.  9  either  in  a  right  or 
left  hand  direction  from  its  cen- 
tral or  neutral  position  (in  which 
position  the  contact  springs  on  either 
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lide  rest  on  ebonite),  tho 
CUTteut  from  the  battery  flows  thi-ough  the  two  circuits,  causm;.; 
decomposition  in  the  voltameters ;  and  the  giises  generated  upon 
the  electrodes  accumulate  in  the  upper  portions  of  the  graduated 
tubes.  By  tm-uiuj,'  the  commutator  half  round  cveiy  few  seconds 
ttie  current  from  the  battery  is  revei-scd,  wliich  prevents  polariza- 
tion of  the  elecli-odes,  as  already  stated.  When  tln-ough  the  posi- 
tion of  the  commutator  the  current  flows  from  the  copper,  it  ^a^At^ 
VOU  IlL  z 
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first  through  the  connected  electrodes  to  the  voltameters,  where  it 
divides,  one  portion  passing  through  the  constant  resistance,  X, 
through  the  leading  wire,  X,  to  the  pyrometer,  returning  by  the 
leading  wire,  C,  to  the  batteiy,  the  other  passing  through  X^  through 
the  leading  wire,  X',  through  the  platinum  coil,  returning  by  the 
leading  wire,  C,  to  tlie  battery.  When  the  current  flows  from  the 
zinc  it  passes  first  tlirough  the  leading  wire,  C,  the  current  dividing 
at  the  pyrometer,  one  portion  returning  by  the  leading  wire,  X, 
through  the  constant  resistance,  X,  through  one  voltameter  tube 
to  the  battery,  and  the  other  through  the  platinum  coil,  X',  through 
the  leading  wire,  X',  to  the  other  voltameter  tube,  and  thence  to  the 
battery.  The  value  of  the  third  leading  wire,  C,  in  eliminating  the 
disturbing  eflfect  which  long  and  short  leading  wires  with  varying 
temperature  would  certainly  have  upon  the  correct  indications  of 
the  instrument  is  at  once  evident. 

The  relative  volumes,  v  and  v',  of  the  gases  accumulated  in  an 
arbitrary  space  of  time  within  each  tube  must  be  inversely  pro- 
portional to  the  resistances,  R  and  Bf,  of  the  branch  circuits, 

because 

E     E 

V  •  v'  :=  —  t !  — -  t, 

R     R' 

and,  therefore, 

v:v'  =  R':R. 

The  resistances,  R  and  R',  are  composed,  the  one  of  the  resist- 
ance, C,  plus  the  resistance  of  the  voltameter.  A,  and  the  other  of 
the  unknown  resistance,  X,  plus  the  resistance  of  the  voltameter,  R 
But  the  instrument  has  been  so  adjusted  that  the  resistances  of  the 
two  voltameters  are  alike,  being  made  as  small  as  possible,  or 
equal  to  about  1  mercury  unit,  to  which  has  to  be  added  the 
resistances  of  the  leading  wires,  which  are  also  made  equal  to  each 
other,  and  to  about  half  a  luiit;  these  resistances  may  therefore 
both  of  them  be  expressed  by  7. 

We  have,  then — 

v':v  =  C  +  7:X4-7> 
or — 

X  =  ^(C  +  7)-7       .  (1) 

which  is  a  convenient  formula  for  calculating  the  unknown  resist- 
ance from  the  known  quantities  C  and  7,  and  the  observed  pro- 
portion  of  v  and  v'. 
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The  constant  of  the  instrument  (7)  is  easily  determined,  from 
time  to  time,  by  substituting  a  known  resistance  for  X,  and  ob- 
serving the  volumes,  v  and  v',  after  the  current  has  been  acting 
during  an  arbitrary  space  of  time,  when  in  the  above  formula,  7, 
has  to  be  separated  as  the  unknown  quantity,  giving  it  the  form 

.  y  X^v  C  .^. 

y^±——, ....      (2) 

The  condition  of  equality  between  the  internal  resistances  of 
both  voltameters  is  ascertained  by  inserting  equal  known  resist- 
ances in  both  branch  circuits,  when 

V  =  v' 
should  be  the  result.  Failing  this,  the  balance  is  generally  re- 
established by  reversing  the  poles  of  the  battery,  the  reason  being 
that  hydrogen  electrodes  are  liable  to  accumulate  metallic  or  other 
deposit  upon  their  surfaces,  which  is  effectually  removed  by 
oxygen. 

Such  reversals  of  current  should  be  effected  at  frequent  inter- 
vals during  the  observation.  Should  tliis  not  suffice  to  establish  a 
balance  of  i*esistance,  it  will  be  necessary  to  push  the  electrodes  of 
the  voltameter  of  greater  resistance  a  little  fmliher  into  the  tube. 

The  constant  resistance,  C,  of  the  instrument  should,  as  nearly 
as  possible^  represent  a  geometrical  mean  of  the  range  of  resist- 
ances intended  to  be  measured,  beciiuse  the  greatest  degree  of  accu- 
racy is  obviously  obtained  when  the  quantities,  v  and  v',  are  nearly 
alike.     If  the  difference  between  V  and  V  is  very  great,  the  con- 

C  4-  7 
stant  7  introduces  an  error  into  the  result,  because  v   ■       is  not 
'  '  X  4-  7 

Q 

equal  to  y  unless  C  equals  X.     In  order  to  work  this  instrument 

between  wide  ranges  of  temperature,  it  becomes  necessary  to  make 
C  variable,  and  nearly  equal  to  X.  It  is  also  obviously  desirable  to 
have  7  very  small  as  compared  with  X.  Reliable  observations 
can,  however,  be  obtained  between  the  limits  of  v  =  10  v'  arid 
10  v  =  v',  from  which  it  follows  that,  with  a  fixed  coil,  C  =  10 
tinits,  resistances  may  be  measured  (subject  to  correction  for  the 
disproportion  introduced  by  the  value  of  7),  between  the  limits  of 
1  and  100  units.  In  adding  a  reserve  coil  of  1,000  units,  the  scope 
of  the  instrument  can  be  extended  from  1  unit  to  10,000  units. 
Greater  accuracy  for  resistances  between  50  and  500  units  would, 
however  be  insured  by  providing  a  tliird  resistance  ot  100  \3l\v\\a» 

Z2 
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!au-  Certain  precautions  have  to  be  taken  to  insure  reliable  results 

'         in  using  the  instrument. 

sing  1.  The  dilute  acid  employed  in  both  tubes  should  be  of  the 

meut.  same  strengtli,  a  condition  which  is  easily  realized  in  preparing  a 
standard  solution  of  about  9  measiu^s  of  distilled  water  for  one 
measure  of  chemically  purQ  sulphuric  acid ;  to  he  kept  in  a  bottle 
for  replenisliing  the  instrument  when  required.  The  moveable 
reservoirs  being  closed  by  a  cork,  with  but  a  small  hole  for  the 
admission  of  air,  will  rarely  require  replenishing. 

2.  When  the  instrument  has  been  refilled  or  has  not  been  used 
for  some  days,  it  is  advisable  to  verify  the  equality  of  resistance  of 
both  voltameters  and  their  connection  by  passing  the  battery 
cuH'ent  through  them  for  some  minutes  with  equal  resistances 
inserted  in  each  branch.  If  a  difference  between  the  volumes  ot 
gases  should  be  observed,  the  binding  screws  and  the  pads  of  india- 
rubber  closing  the  tubes  should  be  examined  and  the  experiment 
repeated.  It  is  possible  that  an  irregularity  may  be  observed  in 
the  first  trial,  owing  to  a  difference  in  the  condition  of  polarity 
between  the  two  sets  of  electrodes,  which  will  disappear  when  both 
shall  have  been  subjected  to  reversed  currents  proceeding  from  the 
same  battery ;  the  solutions  will,  moreover,  be  fully  and  equally 
saturated  with  gases,  and  absorption  of  the  gases  avoided. 

3.  The  battery  power  used  should  be  proportional  to  the  re- 
sistances to  be  measured,  viz. : — For  resistances  not  exceeding  100 
units,  from  5  to  6  Daniell  or  Leclanch^  elements,  which  cause  an 
active  decomposition  without  sensibly  heating  the  coils  or  effectiDg 
a  partial  insulation  of  the  electrodes  by  excessive  generation  of 
gases;  for  resistances  of  from  100  to  1,000  units,  the  number  of 
elements  may  be  increased,  with  advantage  to  15  or  20,  and  a  still 
greater  number  of  elements  may  be  employed  in  measuring  resist- 
ances exceeding  1,000  units. 

It  is  not  advisable  under  any  circumstances  to  use  less  than  fivt 
Dauiell's  elements,  although  active  decomposition  may  be  obtained 
with  a  less  number,  for  the  reason  that  the  voltameter  itself  exer- 
cises an  opposing  electro-motive  force  by  polarisation,  which  maj 
vary  under  certain  conditions  from  11  to  1*3  Darnell's  elements, 
and  that  these  variations  would  exercise  a  sensible  difTei^nce  in 
the  result  if  the  electromotive  force  of  the  battery  did  not  very 
decidedly  predominate. 
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In  using  large  battery  power  the  heating  of  the  coils  has  to  be 
guarded  against,  which  may,  however,  be  easily  done  by  arresting 
the  current,  in  reversing  it,  from  time  to  time,  whilst  allowing  the 
gases  in  the  tubes  to  accumulate  until  a  suflBciently  precise  reading 
can  be  obtained.  From  two  to  four  minutes  duration  of  current 
will,  under  general  circumstances,  suffice  to  till  the  tubes. 

4.  The  india-rubber  pads  should  from  time  to  time  be  smeared 
with  a  waxy  substance,  to  prevent  escape  of  gas  between  them  and 
the  edge  of  the  glass  tube,  and  I  find  that  paraffin  answers  well  for 
this  purpose. 

5.  The  state  of  the  barometer  has  no  influence  upon  the  reading 
of  this  instrument,  because  fluctuations  of  the  atmospheric  pressure 
affect  both  branches  equally.  A  slight  error  through  difference  of 
pressure  would,  however,  arise  if  the  reading  of  the  instrument 
were  taken  after  the  cuiTent  had  ceased  to  act,  and  the  reservoirs 
were  to  remain  in  their  elevated  position  opposite  the  zero  point  of 
the  scale,  exercising  a  hydrostatic  pressure  equal  to  the  depression 
of  the  liquids  in  the  tubes.  In  order  to  eliminate  this  source  of 
error,  the  two  moveable  reservoirs  must  be  lowered  until  a  balance 
of  levels  is  established  on  each  side  between  the  tube  and  its  reser- 
voir before  the  reading  is  taken.  This  being  done,  the  weighted 
lever  is  raised  from  each  tube  for  the  discharge  of  the  gases,  and 
the  moveable  reservoirs  are  raised  back  to  their  zero  position. 

6.  Although,  by  careful  selection,  two  tubes  of  nearly  equal 
diameter  may  be  obtained,  it  would  not  be  safe  to  depend  upon 
guch  uniformity  where  accurate  results  are  required.  Each  tube 
should,  therefore,  be  calibrated,  and  provided  with  its  own  scale ; 
•and,  in  case  of  a  tube  having  to  be  replaced,  a  suitable  new  scale 
should  also  be  provided.  The  smaller  the  diameter  and  the  greater 
the  length  of  the  tubes,  the  greater  will  be  the  accuracy  of  the 
observations ;  but  a  limit  is  here  imposed,  by  the  necessity  of  the 
gas-bubbles  rising  freely  to  the  surface,  which  limit  is  reached  in 
reducing  the  tubes  to  2  millimetres  of  diameter. 

A  much  smaller  diameter  would  suffice,  if  the  gases  were 
merely  to  propel  a  water-column  before  them  in  a  horizontal  tube, 
but  I  found  that  under  such  circumstances  the  resistance  of  the 
liquid  by  adhesion  to  the  sides,  caused  considerable  error  and 
inconvenience  in  the  manipidation  of  the  instrument. 

Having  measured  numerous  resistances  by  this  instrument,  and 
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compared  the  results  with  measurements  obtained  by  a  very  perfect 
Wheatstone  bridge  arrangement,  I  find  that  it  may  be  relied  upon 
within  one-half  per  cent,  of  error  of  observation,  excepting  at  the 
extremes  of  the  range,  where  a  somewhat  greater  amount  of  error 
easily  occurs  unless  special  care  be  taken  in  reading  the  compa- 
mtively  few  divisions  on  the  one  side.  A  higher  degree  of  accuracy 
is,  in  such  a  case,  to  be  attained  by  filling  the  one  tube  several 
times  (noting  the  volume  each  time),  and  allowing  the  other  to 
continue  accumidating,  until  at  least  100  divisions  of  the  scale 
shall  have  been  passed. 

A  table  has  been  prepared  which  gives  the  temperatures  cor- 
responding to  the  volumes  of  the  gases  of  decomposition  observed 
in  the  tubes,  thus  saving  all  calculation  on  the  part  of  the  metal- 
lurgist, or  other  observer.* 

In  using  such  a  table,  the  temperature  measured  by  the  appa- 
ratus is  found  indicated  at  the  intersection  of  the  two  columns  of 
figures,  expressing  the  volumes  of  gases  observed  in  the  two  tubes 
V  and  Vj ;  these  figures  commence  only  with  40,  because  it  is 
not  considered  advisable  to  take  an  observation  until  at  least  40 
imit  volumes  of  gas  have  been  developed  in  each  tube.  Care  is  to 
be  taken  that  no  leakage  of  gas  takes  places  under  the  weighted 
cushions,  which  is  easily  observed  in  allowing  the  depressed 
columns  to  stand  without  lowering  the  reservoirs  when  the  leveb 
between  gas  and  liquid  should  remain  constant.  Although  the 
differential  voltameter  here  proposed  for  measuring  electrical  re- 
sistances not  exceeding  the  limits  of  metallic  and  earth  circuits 
does  not  surpass,  or  even  equal  the  Wheatstone  bridge  arrangement 
for  accuracy,  when  the  latter  is  carefully  prepared,  and  in  the  hands 
of  a  skilful  operator,  it  yet  possesses  advantages  of  its  own  which 
will,  I  trust,  reconmiend  it  to  the  notice  of  electricians.     One  of 

*  The  manner  in  which  the  equation  of  the  curve  of  increase  of  vesistanoe  wi^ 
temperature  is  applied  to  the  construction  of  the  table  here  referred  to  is  tb0 
following :  the  coefficients  of  the  platinum  wire  employed,  that  ia,  the  quantiti* 
c,  /3,  y,  have  first  to  be  calculated,  from  a  series  of  experiments  made  for  that'purpoM^ 
with  one  unit  of  resistance  at  zero  Centigrade.  The  constant  of  the  yoltamettf  y 
has  next  to  be  obtained  in  the  manner  explained  at  p.  37»  and  the  resistuiee  X 
of  equation  (1),  p.  36,  has  then  to  be  equated  with  that  of  r,  giyen  at  p.  9. 

The  foUowing  is  the  calculation  employed  for  the  construction  of  the  tables.  The 
constant  C  is  equal  to  17  units,  the  resistance  y  to  2  units,  the  platmam  ooil  v 
the  pyrometer  has  a  resistance  of  10  unit«  at  zero  Centigrade,  and  the  eoeffflMO^ 
of  ehc  platinum  wire  employed  twre  ««089369,  /?=-00216407,  y« --84117  j  thd 
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ts  intrinsic  mlvantages  is,  that  it  gives  the  resistance  to  be  mea- 

quaiing  the  values  of  ilic  resistances  as  given  bj  equations  (1)  of  p.  9  and  p.  86 
espectivelv  : — 

10  (oeti  i-/9t  +  y)«JL  (l7  +  2)-2 

Y 

1'Qv 
«ti  +  8t  +  y  =  J-rI--2 

v' 

1-Qv 

«ti  +  i8t=ir:-(-2  +  y) 

$^^  ^  \2$y         e      y'      ^      $    J     4/3- 

\  fi      v'      \    $    /     4^J       2^ 

L^f3      v'V0>'4^i       2^ 
•ubstituting  the  values  «,  /3,  y,  and  remembering  that  the  formula  is  calculated  for 
he  absolute  scale  of  temperature,  the  formula  for  the  Centigrade  scale  will  take  the 
oUowing  form,  which  is  that  given  at  the  foot  of  the  table : — 
T**  Centigrade 

=  [{877-975  X  ^,+  19070544  +  82-738226}* -90960553]* -274 

-{(877-975  X  -/+  101-80877)*-  9-0960568}*- 27 i. 

By  means  of  this  formula,  the  temperature  of  the  resistance  coil,  which  gives  a 

«tio  of  volumes  in  the  voltameter  tubes  greater  than  the  maximum  given  in  the 

Table  can  be  calculated,  and  the  constants  required  for  the  calculation  have  been 

^ren  in  the  Table  for  that  purfiose.    The  following  is  an  instance  of  its  application, 

Q  which  y  ==  127  and  ¥'41  volumes; 

log.  877*975  =     2-9434822 

+  log.  127  »     2-1038087 

50472859 
-log.  41  =     1-6127839 

log.  2719-518  «      3-4345020 

+       101-80877 


log.  2821-32677  H-2=»)3-4504534 

log.  5811616  1-7252267 

-     90960553 


log.  44-0201047x2-=  16436510 

2 


log.  1937-7  -=  3-2873020 

^      274 


1668-7  =  166  !•  Centigrade  nearly. 
The  resistance  of  17  units  in  the  voltameter  i»  madi*  of  Oerman  silver  wire,  so 
that  the  variation  of  its  resistance  with  that  of  atmoi>pheric  temperatate  «\i«\V\^%» 
unail  as  not  to  affect  the  correctneaa  of  calculated  resulta. 
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sured  in  "work  done,"  which  is  independent  of  tlie  momeutar}' 
changes  in  the  strength  of  a  current,  by  charge  or  electrification, 
that  influence  the  temporary  reading  of  a  magnetic  needle. 

It  recommends  itself  for  use  on  board  ship,  not  being  in  the 
slightest  degree  influenced  either  by  the  motion  of  the  vessel,  or  by 
the  magnetic  influence  of  its  moving  mass  of  iron. 

Its  simplicity  of  constniction  is  such,  that  each  pait  can  wtsilj 
be  examined  and  verified. 

It  can  be  used  satisfactorily  by  persoiLS  unaccustomed  to  the 
delicate  liandling  requisite  iu  dealing  with  galvanometers,  and 
elaborate  resistance  scales;  it  is  very  poitable;  and  lastly  iU 
cheapness  of  construction  brings  it  within  the  reach  of  studenU 
and  others,  who  miglit  not  be  well  able  to  aftbrd  an  expensive 
apparatus. 

The  following  tables  of  actual  measui-ements  of  resistanojs, 
made  by  Mr.  Liidtge,  Ph.D.,  shows  the  degree  of  accordant 
between  the  findings  of  this  instrument,  and  those  of  a  very  com- 
plete Wheatstone  bridge  arrangement,  which  may  be  deemed 
satisfactory. 

FIRST  SERIES. 


Resistance 

Resistance 

1 

according  to 
Wheatstone's 

accordiug  to 
Proposed  Differential 

DiiTerence. 

Constant 
Resistance. 

Bitterr 
(DanieU'i 
Elementi). 

Diagram. 

Voltameter. 

C. 

0 

0-2 

0-2 

0-0 

5 

0-5 

0-5 

0-0 

0-8 

0-8 

00 

1-2 

1-21 

001 

1 

20 

20 

0-0 

.  . 

•  » 

40 

40 

*  00 

ft 

GO 

6-95 

—  005 

7-6 

7-6 

01 

100 

1003 

003 

io 

140 

13-89 

—  Oil 

20-0 

20-0 

00 

1 

27-5 

27-47 

—  003 

•  •          1 

300 

301 

01 

340 

33-82 

-0-18 

ib 

420 

41-9 

—  01 

500 

49-8 

—  0*2 

540 

540 

00 

luo 

oot-» 

FmsT  Series— -con<i>i?iC£/. 

BesistAnce 
according  to 
Wheat8tone*s 

Diagram. 

Besistanco 

according  to 

Proposed  Diii'erential 

Voltameter. 

DifTercnce. 

1 

Constant 

LloBistance. 

C. 

Battery 

(Daniell's 

Elements) . 

r>o-u 

60- 

0-0 

8 

68-0 

!             68-42 

i       0-42 

740 

74-06 

0-06 

' 

82-0 

81-9 

0-1 

90-0 

90-0 

1       0-0 

\               *    • 

05-0 

95-2 

0-2 

'        •  • 

1 

100-0 

99-97 

—  0-03 

1 

1 

ii) 

1 

1 

SECOND  SE 

IRIES. 

Resistance 

according  to 

W  heatstone's 

Diagram. 

BesistAnce 

according  to 

Proposed  Differential 

Voltameter. 

Difference. 

Constant 

Resistance. 

C. 

Battery 
(Darnell's 
Gloments). 

U-o 

0-5 

0-0 

5 

8 

0-8 

0-5 

—  0-3         j 

•   • 

•    • 

10 

1-09 

0-09 

•   • 

•    • 

5-4 

5-32 

—  0-08 

•   • 

•    • 

10-0 

9-82 

.0-18 

•   • 

«    • 

14-0 

13-70 

—  0-30 

1 

•    • 

•    • 

50-0 

48-83 

117 

10 

«    • 

80-40 

80-02 

0-38 

..     1 

•    • 

98-00 

98-20 

0-2 

50      ! 

• 

105-00 

10515 

0-]5 

I 

•    • 

•    « 

130-40 

130-40 

00 

• 

9 

15600 

155-80 

0-2 

•     • 

•   • 

19200 

192-00 

0-0 

t 
•     • 

•   • 

205-00 

204-70 

0-3 

•      • 

10 

240-00 

24014 

014 

• 

«  ■ 

284-00 

283-95 

005 

1 
•     • 

«   • 

30000 

300-30 

0-30 

100 

15 

312-00 

312-00 

1 

00 

1 

•      • 

, 

321-00 

321-00 

0-0 

100 

15 

335-00 

334-90 

—  0-1 

i 

■    • 

350-00 

350-02 

0-02 

1 

1 

.  . 

385-00 

385-00 

0-0 

, 

•   - 

400-00 

400-30 

0-3 

•  •        i' 

•    • 

425-00 

125-00 

U-O 

1 

•  * 

• 

?'0L.  III. 
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Second  Series — continued. 


Besistftnce 

Resistance 

Constant 

according  to 

according  to 

DijGtorence. 

xx^^  **  ^»^w*  w 

( 

Wheatstone's 

Proposed  Difiorontial 

n 

i 

Diagram. 

VoltAineter. 

%/• 

^ 

43200 

432-00 

0-0 

1 

1 

46500 

464-70 

—  0-3 

••       ! 

500-00 

500-40 

0-4 

.  . 

520-00 

519-90 

—  0-1 

•      • 

557-00 

556-70 

—  0-3 

582-00 

582-00 

0-0 

•     • 

605-00 

605-05 

0-05 

624-00 

624-00 

0-0 

•     • 

674-00 

67400 

0-0 

I 
•     • 

700-00 

699-50 

0-5 

•     • 

1 

723-00 

723-00 

0-0 

1 

•     • 

750-00 

749-80 

—  0-2 

•     • 

805-00 

804-30 

0-7 

DUO         . 

846-00 

847-00 

1-0 

. 

906-00 

906-00 

0-0 

•  • 

928-00 

929-20 

1-2 

i 

1008-00 

1006-50 

1-5 

1000      1  . 

1060-00 

106200 

2-0 

1 

•    • 

1130-00 

113000 

0-0 

•     • 

1250-00 

1254-00 

4-0 

1200      ' 

130000 

1303-50 

3-5 

•  • 

1340-00 

1340-00 

0-0 

•  • 

1410-00 

1406-20 

3-8 

1400 

1470-00 

1471-20 

1-2 

•   • 

1500-00 

1500-00 

0-0 

1500 

1550-00 

1553-00 

3-0 

•  • 

t 

K 

! 

y\ 

' 

/ 

1 

^ 

/         ' 

"     1^ 

/( 

! 

' 

/ 

^ 

^ 

1 

i 

j 

i 

i 
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^ 

1 

'^ 

^^ 

! 

\ 

! 

^ 

^ 

' 

' 

1 

1 

1 

^„-r 

,,^J£*I» ■ 

i 

1 

\ 

■  \ 
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'  ^^»f  r»*  ^if-' 

■| 
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rv^" 
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NOTE  ON  THE  EFFECT  OF  VARIATION  OF  RESISTANOE 
OF  A  SECONDARY  WIRE  CIRCUIT  UPON  THE  AMOUNT 
OF  WORK  DONE  IN  A  UNIT  OF  THE  SAME  BY  AN 
INDUCED  CURRENT,  THE  CONDITIONS  OF  THE  PRI- 
MARY  CIRCUIT  REMAINING  CONSTANT. 

It  is  well  known  that  the  work  done  in  a  unit  of  length  of  a 
conductor  by  discharge  from  a  condenser  is  proportional  to  the 
square  of  the  quantity  of  electricity  contained  by  the  condenser. 
The  work  done  per  unit  of  length  should  therefore  not  be  affected 
by  the  total  resistance  of  the  circuit  This  can  be  proved  experi- 
mentally by  measuring  the  effect  by  the  swing  of  a  galvanometer 
ueedle,  and  will  be  found  true  up  to  the  limit  of  increase  of  resist- 
ance at  which  the  current  is  so  much  retarded  as  to  admit  of  the 
neeille  having  sensibly  moved  before  the  whole  quantity  has  passed. 

I  do  not  find,  however,  that  the  effect  of  resistance  on  the  induced 
currents  mentioned  above  has  been  brought  to  notice.  The  con- 
ditions of  the  initiation  of  the  current  in  the  primary  wire  remain- 
ing constant,  it  seems  reasonable  to  conclude  that  we  have  a 
constant  electromotive  force  acting  for  a  constant  time  t  in  our 
secondary  wire. 

Taking  as  the  expression  for  the  value  of  the  work  done  per  unit 

of  resistance  the  formula -^^  x  t  (where  R  is  the  total  resistance), 

and  assuming  Eand  t  constanty  we  get  work  oc  ytz-  This  should,  if 
the  assumption  be  correct,  agree  with  the  galvanometer  measure  of 
the  work  done,  Le.  work  oc  sin  (^  j  (^  being  the  swing). 


1  0      \ 

Sin  (  S )  should  therefore  oc  ^rg  or  sin  ^  oc  ^  . 


-'(D 


Experiment  bears  out  this  result,  or  in  other  words  the  sine  of 
half  the  swing  is  inversely  proportional  to  the  total  resistance  of 
the  circuit. 
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This  fact  may  be  applied  to  the  measurement  of  internal  resist- 
ance of  batteries,  and  appears  to  be  superior  to  any  of  the  methods 
which  require  the  comparison  of  continued  deflections  or  currents, 
more  especially  when  "  inconstant "  batteries  are  under  examina- 
tion. 

Such  batteries  will  not  maintain  a  constant  electromotive  force 
during  the  comparison  of  rather  protracted  and  unequal  currents, 
and  the  calculations  are  vitiated  by  its  variation. 

In  my  method  I  proceed  as  follows :  viz.  Divide  the  battery  into 
two  equal  portions  and  couple  the  halves  of  the  battery  back  to 
back,  changing  the  cells  until  there  is  no  great  difference  of 
potential  between  the  terminals ;  place  this  nearly  neutralised 
battery  in  a  secondary  circuit  in  connection  with  a  reflecting 
galvanometer ;  adjust  the  shunt  and  directing  magnet  so  as  to 
keep  the  light  on  the  scale  whether  the  battery  be  in  circuit  or  not; 
employ  a  few  grove  cells  for  the  primary  circuit,  and  compare  tie 
swings  on  closing  the  circuit  (a)  with  the  battery  under  examina- 
tion in  the  secondary  circuit,  and  (6)  with  a  total  known  resistance 
substituted ;  then,  calling  these  resistances  a:  •{•  g  and  a  +  ^r  re- 
spectively, we  have  the  proportion  6  \  d^  :=^  x  -{-  g  I  a  -{-  g. 

The  induction  is  got  between  flat  spirals  in  connection  with  the 
respective  circuits,  an  iron  weight  being  placed  on  top  of  theuL 

I  would  suggest  also,  with  diiBdence,  that  this  method  has  ad- 
vantages over  those  generally  employed  for  the  comparison  of  low 
metallic  resistances,  as  we,  get  over  the  unequal  heating  of  the 
wires,  occasioned  by  protracted  currents. 

This  remark  applies  to  the  Wheatstone  bridge  when  used  with- 
out a  Rheostat  or  other  resistance  admitting  of  continuous  aocurate 
increase  or  decrease. 

R.  Y.A. 
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DECAY  OF  TIMBER 

The  following  report  was  written  and  submitted  to  the  Electric 
and  International  Telegraph  Company  on  May  14th,  1860 : — 

"  I  have  devoted  considerable  attention  to  the  decay  of  our  poles, 
and  have  endeavoured  to  arrive  at  some  conclusion  as  to  its  cause. 
[  think  that  I  have  hit  the  right  nail  on  the  head,  and  have  not 
>nly  traced  the  cause  but  have  discovered  a  means  to  prevent  this 
lecay.  I  will  describe  my  researches  and  explain  my  conclusions 
IS  succinctly  as  I  can. 

The  decay  of  timber  is  divided  into  two  kinds,  the  dry  and  the 
oet  rot. 

The  dry  rot  is  a  slow,  mouldering,  destructive  action  that 
Jmber  undergoes,  by  which  its  strength  and  fibrous  structure  are 
x>tally  destroyed,  and  the  wood  itself  becomes  of  the  substance  of 
muff.  It  is  usually  attributed  to  the  presence  of  sap  in  the  wood, 
mgendering,  according  to  some,  a  species  of  fungus  which  in 
ieeding  on  the  wood  destroys  its  texture,  and,  according  to  others, 
I  chemical  action  similar  to  the  oxidation  of  metals,  <&c.  All  kinds 
>f  timber  are  subject  to  it  Dry  rot  generally  arises  from  painting 
>r  tarring  young,  unseasoned  timber,  which  preveats  the  evapora- 
don  of  the  sap.  The  only  effectual  preventative  is  long  seasoning, 
nrhich  process  effectively  removes  by  evaporation  all  the  sap  re- 
maining in  the  wood.  I  have  met  a  very  few  cases  of  dry  rot  in 
telegraph  poles — certainly  not  more  than  1  in  200  rotten  poles  is  a 
i^ase  of  dry  rot  This  arises  firom  the  fact  that  the  pole  in  its 
exposed  position  is  actually  under  a  seasoning  process.  Dry  rot, 
bherefore,  requires  little  attention,  and  I  will  proceed  to  the  investi- 
^tion  of  wet  rot 

Wet  rot  is  far  more  serious  in  its  effects  on  telegraph  poles.  It 
may  be  considered  practically  to  be  the  cause  of  the  rottenness  and 
lecay  of  all  our  poles.  Wet  rot  in  its  destructive  effects  upon  the 
texture  of  wood  is  somewhat  similar  to  the  dry  rot,  but  in  place  of 
reducing  timber  to  a  dry  snuff  it  makes  it  a  soft,  wet,  pithlike 
mbstance.     It  arises  according  to  my  views  from  the  pores  of  the 
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wood  becoming  filled  with  water,  which  water  on  exposure  to  tlie 
atmosphere  evaporates,  and  in  evaporating  disintegrates  and  teirs 
to  pieces  the  fibrous  texture  of  the  wood.     Every  pore  of  the  wood 
becomes  a  little   boiler,  which  bursts  immediately  the  water  is 
turned  into  steam.     The  process  in  a  telegraph  pole  is  as  follows. 
The   decay  invariably  commences   at  wind-and-water  mark.    It 
begins  at  the  surfaces,  and  the  wood  gradually  becomes  disin- 
tegrated  as  we  approach  the  centre.     It  extends    1,   2,  3,  and 
sometimes  4  feet,  but  generally  about  12  to  18  inches  above  and  a 
few  inches  below  the  ground-line.     Sometimes  if  the  pole  has  been 
well  tarred  the  decay  commences  and  proceeds  above  the  tar  onlr. 
If  tlie  pole  be  taken  out  of  the  ground  and  examined  it  will  be 
found  saturated  with  moisture  fi*om  the  bottom  to  the  spot  wh«« 
the  decay  occurs.     If  saw-cuts  be  made  at  difierent  points  firom  the 
soimd  timber  to  the  bottom  it  will  be  found  that  as  we  approach  die 
bottom  the  moisture  increases.     The  butt-end  being  open,  the  pores 
of  the  wood  which  are  exposed  suck  up  the  moisture  by  capillarf 
attraction.   The  water  gradually  ascends  until  it  comes  to  the  wind- 
and-water  mark,  there,  as  soon  as  it  becomes  exposed  to  the  vam- 
tions  of  the  temperature  of  the  atmosphere,  it  evaporates  and  dis- 
integrates the  timber.     This  process  goes  on  until  the  pole  rots 
through.     It  thus  appears  that  the  evaporation  of  this  moisture  is 
the  cause  of  the  decay  of  our  poles,  and  that  to  preserve  our  poles 
from  wet  rot  we  have  evidently  only  to  keep  this  moisture  out  and 
allow  our  poles  to  be  dry.     As  this  moisture  enters  the  pole  by 
capillary  attraction  through  the  pores  of  the  wood,  it  is  evident  thtt 
if  we  stop  up  the  ends  of  these  pores  we  shall  also  stop  this  capillary 
action  and  thereby  keep  the  pole  dry.     That  this  is  the  case  is 
evidently  proved   by  the  fact  that  where   our   poles  have  beeo 
encased  at  the  foot  in  iron  screw  sockets  no  decay  has  taken  place. 
Iron  sockets  were  used  in  some  places  on  the  Great  Western  awl 
Bristol  and  Exctor  lines,  and  those  poles  are  now  as  sound  as  wfefi 
thoy  wero  first  erected.     This  explanation  of  the  cause  of  the  decfV 
of  our  poles  will  explain  every  peculiarity  we  experience  in  tb 
maintenance    of  our   poles — hovv  the  duration  of  timber  in  ligl< 
sandy  soils  is    diflFerent  to  what    it  is  in   thick  clay — how  son* 
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timber  is  so  much  better  than  others.  It  also  shows  how  futile  was 
the  system  of  asphalting  at  wind-and-water  mark,  and  how  useless 
Miy  plan  would  be  and  has  been  which  has  been  directed  towards 
protecting  the  wind-and-water  line  alone,  neglecting  the  bottom 
of  the  pole. 

Now  the  mechanical  plans  which  I  propose  for  the  prevention 
of  decay  to  our  poles  are  these — 

1st  The  use  of  iron  screw  sockets.  This  is  known  to  be  effective, 
but  is  very  expensive. 

2nd.  The  use  of  an  earthenware  socket,  the  empty  space  being 
filled  up  with  asphalte.  This  has  been  proposed  before,  and  is  also 
expensive. 

3rd.  The  use  of  a  felt,  earthenware,  or  iron  shoe,  filled  witli 
asphalte,  pitch,  or  any  impervious  material  at  the  foot  of  the  pole, 
as  per  sketch.  This  is  my  process.  I  think  that  if  we  thus  stop 
up  the  pores  of  the  wood  we  shall  stop  the  ingress  of  moisture 
in  toto.     Decay  will  cease,  and  our  poles  become  durable. 

The  present  system  of  charring  and  tarring  should  not  be 
abandoned,  but  be  very  carefully  attended  to.  I  do  not,  however, 
perceive  any  great  advantage  in  charring,  and  I  think  that  if  the 
bark  be  left  on  and  well  tarred  it  is  quite  as  effective.  The  poles 
that  I  have  recently  prepared  have  been  only  barked  to  within 
5  feet  of  the  butt  end.  I  have  fitted  on  felt  shoes  and  pitch  to 
84  miles  of  poles  on  the  Salisbury  and  Yeovil  line.  I  think  my 
plan  very  cheap,  for  it  will  not  cost  Gd.  a  pole. 

Creosoting  has  been  found  very  successful ;  but  if  my  theory  is 
correct  it  is  evident  that  its  success  is  due  to  the  filling  up  of  the 
pores  with  creosote  in  place  of  water.  This  would  also  be  to  some 
extent  an  explanation  of  the  effect  of  boucherising,  kyanising,  or 
bumetising.  But,  as  kyanising  and  burnetising  have  both  proved 
only  partially  successful,  so  I  fully  anticipate  that  boucherising 
will  turn  out  the  same.  I  have  little  faith  in  its  success,  and  object 
to  it  veiy  much  owing  to  its  great  expense. 

There  can  be  no  doubt  that  seasoning  timber  is  a  very  excellent 
plan,  but  I  believe  myself  that,  when  protected  by  either  of  the  pro- 
cesses I  have  named,  it  is  of  little  consequence  whether  timber  is 
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young  or  old.  I  believe  that  a  tree  just  cut  down  from  the  woods 
would  be  as  durable  as  one  seasoned  for  years.  In  fact^  as  I  s^d 
before,  it  is  being  seasoned  in  its  position. 

Again,  I  think  that  protected  in  this  way  Scotch  fir  and  spruce 
would  be  quite  as  useful  to  us  for  poles  as  larch.  Those  two  woods 
only  decay  quicker  than  larch  because  their  pores  are  more  open 
and  can  more  readily  imbibe  moisture.  The  system  is  as  applicable 
to  splices  and  butts  as  to  poles. 

If  the  theory  is  correct  my  plan  will  prove  most  valuable  to  the 
Company.  The  maintenance  and  durability  of  our  poles  is  a  very 
serious  matter,  and  any  researches  throwing  light  upon  the  cause  or 
plan,  reducing  the  expenditure  and  producing  durability,  must  be 
considered  interesting  and  valuable." 

The  experiment  described  was  not  successful,  because  the  lateral 
absorption  and  vertical  descent  of  the  water  were  neglected. 

Moreover,  tliere  is  no  doubt  that  creosote  owes  its  success  as 
much  to  its  absorptive  properties  as  to  its  mechanical  function  in 
filling  up  the  pores  of  the  wood. 

W.  H.  Prebce. 
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WESTERN  UNION  TELEGRAPH  COMPANY. 

The  following  is  extracted  from  the  Annual  Report  of  the  President 
(Hon.  William  Orton,  M.Soc.T.E.)  of  the  Western  Union  Telegraph 
Company  to  the  Stockholders : — 

The  receipts  for  the  year  from  all  sources  were' 9,262,653.28  dols.  and 
the  expenses  6,755,733.83  dols.  The  difference  2,506,920.15  dols.  is  the 
net  profit. 

There  have  been  added  to  the  property  of  the  Company  during  the 
year,  by  construction,  purchase,  and  lease,  5,828  miles  of  poles  and 
21,264  miles  of  wire,  being  equal  to  about  eight  per  cent,  of  line  and 
twelve  per  cent,  of  wire  ;  and  448  more  offices  were  in  operation  at  the 
close  of  the  year  than  at  the  beginning.  The  Company  operated  at  the 
close  of  the  year  71,585  miles  of  line,  175,135  miles  of  wire,  and  6,188 
offices, 

Thb  International  Ocean  Telegraph  Company. 

The  operations  of  this  Companjr  during  the  past  year  have  been  very 
satisfactory,  and  give  promise  of  still  better  results  in  future.     As  I  write, 
however,  communication  by  cable  between  Punta  Rassa  and  Key  West 
is  interrupted,  but  the  necessary  steps  have  already  been  taken  to  repair 
the  cable,- and  it  is  expected  this  will  be  accomplished  in  a  short  time. 
The  new  cable  between  Key  West  and  Havana,  successfully  laid  the 
year  before,  has  been  paid  for,  and  the  entire  floating  debt  of  the  Com- 
pany discharged  out  of  last  year's  earnings.     There  are  now  two  good 
cables  between  those  points.     Unless  it  shall  be  found  necessary,  in  order 
to  insure  permanent  communication  between  the  United  States  and  the 
West  Indies  and  South  America,  to  lay  an  additional  cable  between 
Punta  Rassa  and  Key  West,  it  is  probable  that  payment  of  dividends  to 
the  stockholders  of  the  In tei  national  Ocean  Telegraph  Company  will  be 
resumed  within  a  year.     This  property  is  destined  to  increase  largely  in 
value  in  the  near  future. 
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General  Review. 

A  comparison  of  the  results  of  the  Company's  operations  during  the  last 
fiscal  year  and  the  one  preceding  shows  a  reduction  of  70,864.53  dok  in 
gross  receipts,  and  of  251,042.54  dols.  in  the  net  profits. 

This  diminution  of  receipts  and  profits  resulted  from  two  causes ;  first, 
the  reduction  of  rates,  which  took  effect  on  July  1,  1873,  pursuant  to 
plans  formed  and  instructions  issued  six  months  before ;  and  second,  to 
the  financial  panic  of  September,  1873,  and  the  general  stagnatioB  in 
every  department  of  business  which  immediately  followed,  and  from  which 
there  has  been  but  a  partial  recovery. 

Commencing  with  July,  1878,  the  profits,  as  compared  with  the  corre- 
sponding months  of  the  preceding  yea?^  were  less  each  month  up  to  and 
including  February,  1874,  at  which  time  the  aggregate  falling  off  for  the 
eight  months  of  the  fiscal  year  was  589,564.09  dole. 

For  March  the  profits  were  in  excess  of  March,  1878,  and  at  the  end 
of  June  the  increase  over  the  corresponding  four  months  of  last  year 
amounted  to  338,521.55  dols.,  leaving  a  deficiency  of  251,042.54  dok 
as  stated  above. 

Although  this  report  is  for  the  year  ending  June  80th  last,  it  seems 
proper  to  add,  in  this  connection,  that  the  profits  for  the  first  quarter  of 
the  current  year,  which  ended  September  30th,  show  an  increase  over  the 
corresponding  months  of  last  year  of  more  than  300,000  dols. 

The  fiscal  year  is  from  July  to  June,  both  inclusive.  A  comparison  of 
the  business  of  the  calendar  years  1873  and  1874  shows  that  the  profits 
of  the  nine  months  of  1874,  ended  September  30th,  are  in  excess  of  the 
twelve  months  of  1873  ;  the  excess  during  the  seven  months  ended 
September  30th  being  649,434.73  dols.  over  the  corresponding  seTcn 
months  of  1873 — an  average  increase  of  over  100,000  dols.  a  month. 

The  number  of  messages  transmitted  during  the  last  year  wts 
16,329,256,  being  an  increase  of  1,872,424  (about  13  per  cent.)  over  the 
preceding  year.  Deducting  from  the  gross  receipts  moneys  received  from 
other  sources  than  for  the  transmission  of  messages,  and  dividing  the 
remainder  by  the  number  of  messages,  it  appears  that  the  average  receipt 
for  each  message  was  about  55  cents.  As  the  charge  per  message  is  for 
a  minimum  of  ten  words,  the  average  message  must  contain  more  than 
ten  words ;  so  that  the  average  receipt  per  message  is  necessarily  greats 
than  the  tariff  fixed  for  a  ten-word  message.    A  uniform  tariff  of  50  cents. 
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per  message  of  ten  words  between  all  stations  on  the  Company's  lines, 
without  regard  to  distance,  applied  to  the  messages  transmitted  during 
the  last  year,  would  have  yielded  a  revenue  somewhat  in  excess  of  the 
actual  receipts. 

The  tariff  of  rates  now  charged  on  the  lines  of  the  Western  Union 
Company  is  but  little  above  the  average  European  rates.  Considering 
the  vast  difference  in  the  density  of  population,  and  the  greater  distances 
over  which  messages  are  sent  in  this  country,  and  the  cost  of  maintaining 
a  greater  length  of  line  through  sparsely  settled  sections,  to  reach  the 
same  number  of  people,  and  the  higher  cost  of  labour  and  of  all  material 
employed  in  telegraphic  operations,  t£e  service  in  this  country  is  rela- 
tively much  cheaper  than  the  average  in  Europe. 

Duplex  and  Quadruplex  Telegraphy. 

The  duplex  apparatus  of  Mr.  J.  B.  Stearns,  by  means  of  which  two 
messages  are  transmitted  in  opposite  directions  upon  one  wire  at  the  same 
time,  has  fully  sustained  the  opinion  of  its  utility  and  value  which  I  ex- 
pressed in  my  last  Annual  Report.  It  has  been  put  in  operation  during, 
the  past  year  upon  n  number  of  additional  circuits,  and  is  now  working 
successfully  between  all  the  principal  cities.  Its  latest  application  was 
upon  the  lines  to  the  Pacific  coast,  and  it  is  now  in  use  between  Port 
Hastings,  on  the  island  of  Cape  Breton,  where  our  lines  connect  with  the 
cable  wires,  and  San  Francisco,  a  distance  of  nearly  5,000  miles. 

But  the  past  year  has  produced  an  invention  more  wonderful  than  the 
duplex.  Mr.  Thomas  A.  Edison  and  Mr.  George  B.  Prescott,  the  elec- 
trician of  the  Company,  have  discovered  processes  and  invented  apparatus 
by  means  of  which  two  messages  can  be  sent  in  the  same  direction,  and 
two  other  messages  in  the  opposite  direction  simultaneously  upon  one 
and  the  same  wire.  This  invention,  which  they  have  christened  the 
quadruplex,  has  been  in  successful  operation  between  our  New  York  and 
Boston  offices  for  the  last  two  weeks,  and  is  satisfactorily  performing  an 
amount  of  work  upon  one  wire  quite  equal  to  the  capacity  of  four  wires 
worked  with  the  ordinary  Morse  apparatus. 

The  inventors  claim  that  the  quadruplex  may  be  used  either  as  one 
wire,  as  two  wires,  three  wires,  or  four  wires,  as  the  pressure  of  business 
may  require ;  that  when  it  is  worked  as  two  wires  intermediate  stations 
may  be  inserted,  and  may  send  and  receive  as  with  two  separate  wires  in 
the  ordinary  way. 
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I  have  giren  much  personal  attention  to  the  development  of  this  inyen- 
tion,  in  the  helief  that  if  it  could  be  utilized  to  the  extent  claimed  bj  its 
inventors  it  would  solve  satisfactorily  the  most  difficult  problem  which 
has  ever  been  presented  to  the  managers  of  Telegraph  Companies,  and 
that  is  :  how  to  provide  for  the  rapidly -increasing  volume  of  business 
without  an  annual  expenditure  for  the  erection  of  additional  lines  and 
wires  that  would  prevent  the  payment  of  reasonable  dividends  to  stock- 
holders. So  much  has  been  acoomplished  already,  and  in  so  short  a 
time,  that  it  seems  more  likely  that  these  predictions  will  be  fully  realize<l, 
than  that  the  fulfilments  will  fall  materially  below  the  promise. 

In  my  last  Annual  Report  I  made  the  following  statement  concerning 
the  duplex  apparatus  : 

"  We  are  now  operating  more  than  160,000  miles  of  wire,  and  during 
the  past  two  years  have  been  extending  at  the  rate  of  nearly  20,000 
miles  of  wire  per  annum.  The  duplex  apparatus  is  capable  of  doubling 
the  capacity  of  these  wires  at  a  comparatively  small  cost  The  value  of 
this  increase  of  facilities  can  be  approximately  ascertained  by  estimating 
the  saving  in  the  investment  for  wire,  and  the  annual  saving  in  repairs 
and  maintenance  of  additional  wires.  But  the  great  value  of  the  daplei 
does  not  consist  in  the  saving  in  the  investment  in  wires  and  the  cost  of 
repairs  and  maintenance,  but  in  its  ability  to  double  the  capacity  of  a 
wire  when  we  have  but  one,  and  when  no  amount  of  money  previouslj 
invested  in  wires,  or  even  possible  to  be  expended  in  repairs,  caii  provide 
another." 

These  remarks  will  apply  with  even  greater  force  to  the  quadruple!,  if 
it  shall  prove  capable  of  working  through  the  same  distances  and  under 
like  conditions  as  the  duplex.  It  is  not  easy  to  estimate  the  value  of  an 
invention  which  enables  any  and  every  wire  between  all  the  principal 
cities  in  the  country,  and  between  the  Atlantic  and  Pacific  Coasts,  to  be 
made  equal  to  two,  in  a  minute,  by  merely  turning  a  button  ;  but  it  is 
very  evident  that  the  ability  to  practically  convert  one  wire  either  into  two, 
three,  or  four,  as  the  convenience  or  necessities  of  the  business  may 
require,  is  still  more  valuable. 

The  quadruplex,  like  the  duplex,  is  partially  substituted  for^  and 
worked  in  connection  with,  the  Morse  apparatus.  No  change  in  the 
ordinary  operating  force,  nor  any  previous  preparation  of  messages,  is 
required,  as  with  the  automatic  system,  so  that  a  continuance  of  the 
same  simplicity  and  economy  of  manipulation  and  promptness  of  service 
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which  have  characterised  the  Western  Union  Company's  system  of  tele- 
graphy is  assured.  All  the  essential  patents  for  the  duplex  are  owned 
by  this  Company.  Negotiations  for  the  purchase  of  the  patents  of  the 
quadruplex  are  pending,  but  the  terms  will  not  be  settled  until  after  the 
character  and  extent  of  its  capacity  for  work  have  been  more  fiilly 
ascertained. 

"  Fast  "  Tblkgraphy. 

This  is  the  favourite  designation  given  by  its  friends  to  what  is  better 
known  as  the  automatic  system.  Why  it  should  be  called  "  fast " — in 
view  of  the  fact  that,  before  a  message  can  be  sent  at  all,  more  time  must 
be  spent  in  getting  it  ready  for  the  transmission  to  begin  than  is  required 
to  send  and  deliver  it  in  the  ordinary  way — I  have  never  been  able  to 
comprehend. 

In  this  review  of  telegraphic  operations  dunng  the  last  year  it  is  only 
necessary  to  say  concerning  "  fast "  telegraphy,  that  the  progress  of  its 
development  has  been  exceedingly  slow.  The  latest  attempt  to  utilize 
it  in  this  country  was  made  in  1869,  on  a  line  of  one  wire  between  New 
York  and  Washington,  and  now,  at  the  end  of  five  years,  it  stands  about 
where  it  began. 

Although  the  evidence  which  I  have  accumulated  is  not  sufficient  to 
convince  me  that  automatic  telegraphy  possesses  any  value  to  the 
Western  Union  Company,  in  view  of  its  control  of  the  duplex,  and  of  the 
probable  utilization  of  the  quadniplex,  yet  I  have  not  failed  to  give  care- 
ful attention  to  the  subject,  and,  whenever  it  shall  be  demonstrated  that 
any  system  of  automatic  telegraphy  can  be  advantageously  used  on  our 
lines,  it  will  be  promptly  introduced.  The  claim  that  anything  essential 
to  the  successful  operation  of  automatic  telegraphy — whether  by  the  che- 
mical paper  plan  of  Bain  or  the  later  one  of  Wheatstone — is  covered  by 
controlling  patents,  is  without  foundation. 
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{Phil  Mag.  Vol.  XLVII.  No.  307.) 

ON  THE  DISINTEGRATION  OP  THE  ELECTRODES  IN 
THE  GALVANIC  ARC  OP  LIGHT. 

By  Hermann  Herwig. 

The  electrodes  experimented  on  were  fixed  air-tight  in  the  ends  of 
strong  glass  cylinders,  from  which  the  air  was  very  perfectly  exhaosted 
by  means  of  a  Geissler  air-pump.  In  the  first  experiments  electrodes  of 
iron,  nickel,  and  copper  were  used.  The  cun*ent  passing  through  the 
voltaic  arc  also  passed  through  a  voltameter,  the  object  of  the  experi- 
ments being  to  determine  what  weight  of  metal  was  disintegrated  from 
the  electrodes  for  a  certain  volume  of  hydrogen  evolved  in  the  voltameter. 

In  the  experiments  with  the  above  metals  the  results  showed  not  the 
remotest  approach  to  regularity  in  respect  of  the  quantities  disintegrated. 
These  irregular  results  were  proved  to  be  owing  to  the  disintegrated 
particles  from  one  electrode  becoming  deposited  on  the  other,  and  these 
particles  becoming  in  turn  disintegrated.  The  experiments  were  more 
successful  when  the  electrodes  were  respectively  a  silver  rod  and  a  copper 
plate,  the  end  of  the  rod  being  moved  over  and  close  to  the  surface  of 
the  plate,  while  the  electric  arc  was  kept  up.  A  uniform  disintegration 
of  the  silver  rod  was  obtained.     But  the  results  showed — 

(1)  That  the  loss  of  silver  is  never  even  distantly  equivalent  to  the 
amount  of  hydrogen  developed ; 

(2)  That  the  knobs  suffer  greater  losses  the  more  their  form  becomes 
modified  by  the  action  of  the  arc  of  light ; 

(  3)  Higher  temperature  of  the  knobs  determines  greater  losses ; 

(4)  That  the  positive  electrode  of  silver  suffers  smaller  losses  when 
the  opposite  parts  of  the  negative  plate  are  dissimilar  in  constitution ; 

(5)  That  the  knobs  taken  for  the  positive  electrodes  give  greater 
losse?. 


A  THEORY  OP  THE  SOURCE  OP  TERRESTRIAL 

MAGNETISM. 

By  Professor  Challis,  M.A.  P.R.S.  P.R.A.S. 

The  author  considers  the  effect  of  the  orbital  and  rotatory  motions  of 
the  earth  in  generating  magnetic  streams.     The  orbital  or  translatoiy 
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motion  is  discussed,  and  shown  as  likely  to  have  but  very  little  effect  in 
generating  these  magnetic  streams. 

His  theory  attributes  their  generation  from  the  rotatory  motion  to  im- 
pulses given  to  the  tether  by  the  earth's  atoms  in  motion,  and  this  would  be 
much  corroborated  by  any  independent  evidence  of  the  actuality  of  this  ac- 
tion between  atoms  and  the  aether.  The  explanation  of  a  certain  phenomena 
of  aberration  of  light  gives  this  evidence.  This  aberration  is  due  to 
the  circumstance,  that  whereas  the  pointing  of  a  telescope,  as  inatrumentally 
determined,  is  in  the  direction  of  the  straight  line  joining  the  optical 
centre  of  the  object-glass  and  a  certain  fixed  point  in  the  field  of  view, 
the  actual  course  of  the  ray  from  the  first  point  to  the  other  deviates  from 
that  line  by  reason  of  the  earth's  movement  in  the  interval  occupied  by 
the  passage  of  the  ray.  It  was  found  experimentally  that  the  filling  of  the 
tube  of  the  telescope  with  transparent  fluid  did  not  affect  the  aberration. 
It  would  naturally  be  supposed  that  this  would  not  be  the  case,  in  conse- 
quence of  the  rays  being  retarded  in  passing  through  the  denser  fluid. 
On  applying  the  theory  of  impulses  given  to  the  aether  by  atoms,  it  was 
found  that  the  effect  of  the  dense  fluid  in  the  telescope  should  not  be  to 
affect  the  aberration  of  the  light ;  the  mutual  action  between  atoms  and 
the  aether  thus  proving  two  diverse  phenomena,  as  the  aberration  of 
light  under  the  circumstances  and  the  existence  of  terrestrial  magnetism. 
Professor  Challis  points  out  the  exceeding  probability  of  his  explanation 
being  a  correct  one. 


ON  WHEATSTONE'S  BRIDGE. 

By  R.  S.  Brouoh,  Assistant  Superintendent  of  Government  Telegraphs. 

In  this  paper  Mr.  Brough  points  out  that  bridges  for  testing  telegraph 
lines  are  almost  invariably  wrongly  arranged,  and  that  when  the  galva- 
nometer resistance  is  greater  than  the  battery  resistance  (a  condition 
which  should  always  be  fulfilled  in  testing  telegraph  lines)  the  galva- 
nometer should  bo  made  to  connect  the  junction  of  the  two  greater 
rcKistanccs  with  that  of  the  lesser,  or,  in  other  words,  that  the  galva- 
nometer and  battery  should  change  places. 


352  AB8TUACT6  A2sD  EXTUACTS. 


ON  THE  ELECTROMOTIVE  AND  THERMOELECTRIC 
FORCES  OF  SOME  METALLIC  ALLOYS  IN  CONTACT 
WITH  COPPER. 

By  A.  F.  SuKDELL,  Docent  at  the  University  of  Helsingfors. 

Tlie  forces  were  determined  by  the  method  of  M.  Eldlund,  which  is 
based  on  the  proposition,  deduced  from  the  mechanical  theory  of  heat, 
that  a  galvanic  current  going  through  an  electromotor  calls  forth  in  it  an 
absorption  or  production  of  heat  proportional  to  its  electromotive  force, 
according  as  the  current  is  in  direction  the  same  as,  or  opposite  to,  tiiat 
generated  by  the  electromotor  itself.  Hence  the  relative  quantity  of  the 
electromotive  force  is  obtained  by  measuring  the  amount  of  heat  absorbed 
or  produced. 

The  amount  of  heat  produced  was  measured  by  means  of  an  air 
thermometer  constructed  by  M.  Edlund.  It  consisted  of  two  copper 
cylinders  connected  by  a  horizontal  glass  tube.  A  thermoelectric  com- 
bination of  two  metals  was  placed  in  either  cylinder  in  such  a  position 
that  the  place  of  contact  of  the  metals  was  at  the  centre  of  the  cylinder, 
the  openings  in  the  top  of  the  cylinder  through  which  the  metab  passed 
being  hermetically  sealed.  It  is  evident  that  any  heating  or  cooling  at 
the  place  of  contact  of  the  metals  would  cause  the  air  in  the  cylinders  to 
expand  or  contract.  The  metals  in  one  cylinder  were  so  connected  with 
the  metals  in  the  other  cylinder  that  on  a  current  being  passed  through 
them  one  contact  became  heated  and  the  other  cooled.  The  trifllDg 
difference  hereby  produced  between  the  temperature  of  the  wr  in  the 
cylinders  occasioned  a  displacement  of  a  column  of  liquid  in  a  small 
tube.  On  reversing  the  current  the  contact  which  previously  became 
heated  now  became  cooled,  causing  a  depression  in  the  liquid  column. 

Each  combination  was  tried  with  three  different  intensities  of  current. 
From  the  deflections  the  quantity  a  was  calculated,  which  is  proportional 
to  the  quantity  of  heat  absorbed  or  produced  with  the  unit  of  intensitj 
(tan  45°)  according  to  the  equation 

in  which  /3  is  a  constant  proportional  to  the  galvanic  resistance  of  the 
wire  in  the  cylinder,  8  the  current  intensity,  and  t  the  deflection.    The 
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constant  fi  is  obtained  from  the  deflections  t  and  ti  at  the  intensities 
s  and  ^],  by  the  formula 

^-       8^8\{t-\^t0    («-iO    • 

The  combination  of  each  two  of  the  three  current  intensities  gave  a 
Talue  of  /3 ;  in  the  calculation  of  a  the  arithmetic  mean  of  the  three 
values  was  inserted  in  the  first  equation.  Several  precautions  to  prevent 
loss  of  heat  during  the  experiments,  <&c.  were  taken.  The  current  was 
generated  by  2  to  4  Bunsen's  elements. 

The  thermoelectric  forces  were  determined  by  placing  the  contacts  of 
the  metals  in  a  test  tube  which  was  immersed  in  water,  suitable  precau- 
tions being  taken  to  prevent  error  by  currents  sent  up  at  the  junction  of 
the  wires  with  the  binding  screws  of  the  galvanometer  used  to  measure 
the  strengths  of  current  set  up  by  the  cooled  metals. 

The  results  of  the  investigation  were  as  follows, — the  metals  given 
being  in  contact  with  copper. 

The  quantities  giving  the  thermoelectric  forces  were  obtained  by 
taking  the  deflections  reduced  to  the  temperature  difference  10°  C.  and 
the  conducting  power  160  as  relative  measures  of  the  thermoelectric 
forces : 


>» 


» 


12  parts  bismuth  1  tin  . 

4     „  ,,1 

Iron     ..... 

2  parts  bismuth  1  tin 

Copper         .... 

German  silver 

32  parts  bismuth  1  antimony 

Bismuth       .... 

32  parts  bismuth  3  antimony 

From  these  results  M.  A.  F.  Sundell  shows  that  ''  a  metallic  alloy  like 
the  pure  metals  takes  the  same  position  in  the  electromotive  force  as  in 
the  thermoelectric  series."  He  also  states  that  the  results  are  sufficiently 
near  to  justify  his  concluding  that  '*  the  ratio  between  the  thermoelectric 
and  the  electromotive  force  of  the  alloys  investigated  is  constant  and 
equal  to  the  ratio  for  the  iron-copper  and  copper-bismuth  combinations.'' 


Electromotive 
force. 

(a) 
264-74 

Thermoelectric 
force. 

270-69 

23418 

236-39 

137-49 

145-75 

82-36 

86-12 

49-76 

5159 

0 

0 

98-08 

10312 

29501 

295  24 

41714 

460-06 

633-98 

680-94 
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ON  A  SIMPLE  CONDENSER  COLLECTOR  FOR  FRICTIONAL 

ELECTRICAL  MACHINES. 

By  Samuel  Roberts,  Esq. 

For  a  small  machine  with  a  cylinder  6  inches  in  diameter  and  8  inches 
long  the  condenser  was  made  of  a  glass  tube  -^^  inch  in  diameter  and 
13  inches  long,  hermetically  sealed  at  one  end.  A  copper  wire  of  No.  25 
gauge  was  inserted,  and  a  piece  of  paper  2^  inches  broad  is  wrapped 
round  the  closed  end  four  or  five  times.  The  open  end  of  the  tube  with 
a  little  of  the  wire  projecting  is  applied  to  the  prime  conductor,  and  the 
outer  coatiug  is  in  good  electric  connection  with  a  metallic  ball  bj  means 
of  a  t?imilar  wire  twisted  once  round  the  pai)er.  Brilliant  zigzag  sparks 
4 finches  in  length  were  obtained  between  the  balls. 


ON  THE  MOLECULAR  CHANGES  THAT  ACCOMPANY  THE 
MAGNETISATION  OF  IRON,  NICKEL,  AND  COBALT. 

By  W.  F.  Babrett, 
(Professor  of  Physics  in  the  Royal  College  of  Science,  Dublin.) 

The  bars  of  nickel  and  cobalt  experimented  on  were  cylindrical, 
9  inches  long  and  1  inch  diameter. 

On  inclosing  either  of  the  bars  in  a  helix  of  wire  a  sound  was  emitted 
as  an  interrupted  current  traversed  the  helix.  The  sound  with  the  cobalt 
was  found  to  be  far  more  powerful  than  with  cither  nickel  or  iron  bars. 
It  was  found  that  the  bar  of  iron  and  cobalt  became  elongatini  to  the 
same  extent  when  a  current  w^  passed  through  a  surrounding  helix. 
Little  or  no  effect  was  produced  on  the  nickel  bar. 


ON  AN  AIR  BATTERY. 

(^From  ^^  Proceedings^^  of  the  Royal  Society,) 

By  J.  H.  Gladstone,  Ph.D.  F.R.S.,  and  Alfred  Tribe,  F.C.S. 

This  battery  was  composed  of  a  silver  tray,  placed  horizontally  near 
the  tup  of  a  jar  filled  with  a  solution  of  nitrate  of  copper,  crystals  of  the 
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metal  being  placed  in  the  traj,  so  as  to  rise  in  projections  above  the 
surface  of  the  water.  Below  this  plate  a  plate  of  copper  was  placed. 
These  two  plates  formed  the  poles  of  the  battery.  With  an  oxygenized 
solution  of  the  nitrate  of  copper  a  considerable  electromotive  force  was 
obtained,  bat  with  a  deoxygenized  solution  very  little. 

When  the  battery  was  placed  under  a  bell  glass  containing  air  over 
mercury,  it  was  found  that  the  mercury  gradually  rose  in  the  glass  when 
the  poles  were  connected  by  a  wire,  showing  that  the  oxygen  of  the  air 
became  absorbed.  A  solution  of  nitrate  of  copper,  containing  six  per 
cent,  of  the  salt,  was  found  to  give  the  best  effect.  A  combination  of 
this  kind,  using  copper  and  zinc  electroides  in  an  aerated  solution  of 
chloride  of  zinc,  the  zinc  being  placed  so  as  to  absorb  oxygen  from  the 
air,  gave  an  electromotive  force  equal  to  three-fourths  of  a  Daniell  cell. 


{Phil.  Mag.  Vol.  XL VII.     No.  310.) 

ON  GALVANIC  POLARIZATION  IN  LIQUIDS  FREE 

PROM  GAS. 

By  Dr.  Helmholtz. 

If  a  Darnell's  zinc-copper  element  is  closed  by  a  water  decom^ 
position-cell  with  platinum  electrodes,  a  current  passes  whose  force 
gradually  decreases  as  gas  becomes  developed  in  the  electrodes.  If  the 
decomposition  cell  be  disconnected  from  the  battery,  and  the  electrodes 
joined  by  a  wire  through  a  galvanometer,  a  gradually-decreasing  current 
is  observed,  which  finally  dwindles  down  to  nothing.  The  object  of 
Dr.  Helmholtz's  experiments  was  to  determine  on  what  depends  the 
apparently  unlimited  duration  of  the  polarizing  current.  Since  for  the 
production  of  a  changed  equilibrium  in  a  limited  system  of  bodies  (such 
as  is  the  decomposition-cell)  only  a  iinite  amount  of  work  is  ever  neces- 
sary, the  production  of  polarization  must  always  give  only  a  current  of 
finite  duration,  or  one  whose  intensity  asymptotically  approaches  to  zero, 
and  the  polarizing  current  could  on  the  whole  make  only  as  much  elec- 
tricity flow  in  the  one  direction  as  the  depolarizing  in  the  opposite.  So 
far  as  this  is  the  case  the  decomposition-cell  acts  as  a  condenser,  whose 
capacity  is  so  great  that  it  takes  perceptible  periods  of  time  to  charge 
and  discharge,  and  whose  dielectric  is  only  an  imperfect  insulator. 

VOL.  III.  2  c 


356  ABSTKACTS  A^'J)  EXTKACTS. 

It  would  be  near  to  assume  the  same  reason  for  the  continuance  of 
the  charging  current  with  a  polarized  decomposition  cell  as  for  the 
imperfect  insulator  of  a  condenser,  viz.  the  existence  of  a  slight  me- 
tallic conducting-power  in  the  electrolyzable  liquid.  Before  such  a 
conclusion  can  be  drawn  it  must  be  ascertained  whether  other  changes 
which  might  have  similar  results  do  not  also  occur  in  the  liquid 
and  electrodes.  The  chief  of  these  changes  Dr.  Helmholtz  finds  in  the 
power  which  metals  have  of  absorbing  gases  into  their  substance.  Thus, 
if  two  electrodes  containing  the  occluded  hydrogen  be  in  circuit  in  a 
decomposition-cell  with  a  cell  of  a  battery,  the  oxygen  dereloped  at  one 
plate  by  the  action  of  the  current  will  combine  with  the  occluded 
hydrogen  in  that  electrode,  forming  water ;  the  hydrogen  in  the  other 
electrode  being  increased ;  and  inasmuch  as  the  current  in  such  a  case 
has  not  to  perform  the  work  against  the  forces  of  the  chemical  affinity  of 
hydrogen  and  oxygen,  for  the  hydrogen  occluded  in  one  electrode  in  its 
readiness  to  combine  with  the  oxygen  there  developed  assists  as  it  were 
this  action.  Xhis  electrolytic  convection^  as  Dr.  Helmholtz  calls  it^  can 
be  readily  kept  up  by  a  feeble  electromotive  force  which  would  be  quite 
inadequate  to  decompose  water.  The  same  thing  would  occur  if  oxygth 
were  occluded  in  the  plates,  the  developed  hydrogen  readily  uniting  with 
it.  Instead  of  being  occluded  in  the  electrodes,  if  the  gas  were  occluded 
in  the  liquid  the  same  effect  would  be  produced.  If  then  the  electrodes 
and  liquid  in  which  they  are  immersed  be  well  stored  with  oxygen,  a  con- 
tinuous current  could  be  kept  up  through  them  by  a  single  galvanic  cell. 
With  hydrogen,  which  can  be  stored  in  very  large  quantities  in  the  ele^ 
trodes,  a  decomposition  cell  is  found  to  act  simply  as  a  resistance,  do 
polarisation  being  set  up  by  the  action  of  a  current  from  a  single  cell  on 
it.  When  the  store  of  hydrogen  in  one  of  the  electrodes  runs  short, 
hydrogen  begins  to  be  developed  in  bubbles  at  the  plate  to  which  it  is 
carried,  and  therefore  an  apparent  decomposition  of  water  occurs. 


(PAiV.  Mag,  Vol.  XLVII.  No.  811.) 

ON  THE  ELECTRIC  RESISTANCE  OP  SELENIUM. 

By  the  Earl  of  Rosse,  D.C.L.,  F.R.S. 

The  experiments  were  made  chiefly  to  determine  whether  the  altera- 
tion of  the  electric  resistance  in  certain  experiments  was  due  to  lighter 
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to  radiant  heat,  as  in  a  paper  read  by  Lieutenant  Sale  before  the  Royal 
Society  it  is  stated  that  the  actinic  rays  produce  no  effect,  but  that  it  is 
a  maximum  in  the  red  rays  or  beyond  them.  An  experiment  was  made 
with  a  lighted  candle  placed  dj  inches  distant  from  the  bar  of  silenium  ; 
the  resistance  fell  24*3  per  cent.  A  vessel  of  hot  water  was  then  placed 
near  the  bar  without  producing  any  effect.  Various  films  were  placed 
between  the  source  of  light  or  heat  and  the  bar,  but  the  results  obtained 
were  the  same.  Experiments  were  then  made  to  determine  whether  a 
suitable  instrument  for  photometry  could  be  constructed  with  a  bar  of 
selenium.     The  results  showed  that  the  decrease  in  resistance  varied  far 

• 

more  in  proportion  to  the  square  root  of  the  intensity  of  the  incident 
light  than  to  the  intensity  simply,  although  no  exact  law  was  obtained. 


(Fhil,  Mag.  Vol.  XL VII.  No.  314.) 

ON  WARREN'S  METHOD  OF  FINDING  FAULTS  IN 

INSULATED  WIRES. 

By  Thomas  S.  P.  Bruce  Warren,  Electrician  to  Hooper's  Telegraph 

Works,  Limited. 

The  insulated  wire  is  half  wound  on  one  drum  and  half  on  another ; 
the  two  being  perfectly  insulated.  The  surface  of  the  core  between  the 
two  is  perfectly  dried.  One  end  of  the  conductor  is  attached  to  one  set 
of  quadrants  of  an  electrometer,  the  zinc  pole  of  a  battery  being  also 
attached  to  these  quadrants.  The  other  pole  of  the  battery  and  the 
second  set  of  quadrants  of  the  electrometer  are  put  to  earth.  The  second 
end  of  the  conductor  is  insulated.  Earth  is  first  put  to  one  drum  and 
then  the  other.  The  drum  which  causes  the  greatest  fall  of  the  electro- 
meter contains  the  faulty  portion  of  the  wire.  Wire  is  then  coiled  off 
that  drum  on  to  the  other  until  the  fault  appears  on  the  other.  .  The 
position  of  the  fault  can  thus  be  localised  in  a  short  time  within  a  foot  or 

two  of  the  length. 

H.  R.  Kempe. 


2  c  2 
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"  CoMPTES  Rendus,*'  Tonie  LXXIX. 
No.  3  (continued). 

FURTHER  NOTES  ON  THE  ELECTRIC  CONDUCTIVITY  OF 

LIGNEOUS  BODIES. 

By  Count  du  Moncbl. 

Bj  comparing  the  figures  of  the  last  experiments,  as  inscribed  in  the 
fifth  column  of  the  table  that  terminates  the  last  communication,  with 
those  of  former  experiments,  we  see  that  the  efiects  hare  been  reversed. 
This  appears  to  indicate  that  hard  woods  give  up  their  moisture  less 
readily  than  soft  woods. 

M.  du  Moncel,  having  tabulated  further  and  very  complete  experi- 
ments with  various  woods,  makes  trial  of  the  deflections  to  be  obtained 
with  plates  of  porcelain,  glass,  ebonite,  resin,  gutta-percha,  and  of  paper. 
"  The  experiments  commenced,"  the  author  continues,  "  at  9  p.m.  with  ft 
humidity  represented  by  45®  of  the  hair-hygrometer,  and  the  plates 
remained  exposed  all  night  to  the  air,  of  which  the  humidity  has  passed 
successively  through  45°,  48°,  39°,  and  30°.  At  midnight  I  made  a  first 
series  of  experiments  to  determine  the  conducting  power,  with  the  aid  of 
two  large  pieces  of  tin  paper  that  I  placed  at  6  cm.  apart  on  each  of  iktt 
plates,  which  I  put  into  communication  with  the  galvanometer.  I  ob- 
tained no  result  in  consequence  of  the  humidity  of  the  paper.  Later,  ftt 
8  a.m.,  I  obtained  the  following  deflections  : — 

'*  Plate  of  glazed  porcelain  .  6° 
„  vitreous  glass  .  8° 
„  resin  .  .  .5° 
„        gutta-percha  .       5*6^ 


;o 


„        ebonite  .        •      5° 


„        thin  paper     .        .     22 


0  9) 


ON  THE  STRATIFICATION  OF  THE  ELECTRIC  LIGHT. 

By  M.  Neyreneuf. 

It  is  possible  to  obtain  stratifications  of  the  electric  light  under  tltf 
following  circumstances,  admitting  the  production  with  static  electricity 
of  inversions  of  charges  as  those  given  in  the  use  of  the  Rohmkorff  coil. 
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Suppose  two  condensers  connected  in  cascade  with  a  Holtz  machine, 
themselves  united  bj  a  Giessler  tube  instead  of  by  a  continuous  metallic 
plate.  Placing  the  excitor  of  the  machine  in  such  a  manner  as  to  obtain 
small  sparks,  these  succeed  each  other  with  great  rapidity.  Two  inverse 
currents,  the  one  of  charge  the  other  of  discharge,  course  along  the 
Giessler  tube,  giving  place  to  very  marked  stratifications.  It  is,  if  large 
and  long  tubes  are  used,  to  replace  the  ordinary  small  jars  with  some  of 
greater  size.     Those  I  have  used  contain  1878  cm.  Q  surface. 


No.  5. 
ON  THE  THERMIC  EFFECTS  OP  MAGNETISM. 

By  M.  Cazin. 

The  memoir  I  have  the  honour  to  submit  to  the  judgment  of  the  Aca- 
demy contains  the  detail  of  experiments  which  have  led  me  to  the  laws  of 
heat  produced  by  magnetism  in  the  core  of  an  electro-magnet,  and  the 
description  of  new  experiments  having  for  their  end  the  determination  of 
the  magnetic  equivalent  of  heat. 

Let  m  be  the  quantity  of  temporary  magnetism  of  the  electro-magnet, 
/  the  interpolar  inteiTal,  ^  the  number  of  calorics  created  by  the  dis- 
appearance of  this  magnetism,  A  a  coefficient  constant  for  the  same 
magnetising  coil  and  the  same  arrangement  of  voltaic  circuit,  we  have 

A  0  =z  m«  /. 

If  the  magnetism  is  employed  only  to  produce  heat  in  the  core,  the 
coefficient  A  will  be  constant,  and  will  measure  the  number  of  units  of 
magnetic  energy  equivalent  to  a  caloric.  This  will  be  the  magnetic  equiva- 
lent of  heat.  To  ascertain  this  it  is  necessary  to  measure  ^  and  m^  I  in 
absolute  units. 

I  have  made  two  series  of  experiments  to  this  end :  the  first  to  ascer- 
tain if  A  is  a  constant,  the  second  to  exactly  evaluate  0.  As  to  m^  /,  I 
have  previously  obtained  this  value  in  absolute  units.* 

First  Series. — In  employing  one  or  other  of  the  two  experimental 
methods  I  have  indicated,  I  have  observed  the  following  facts  : — 

1.  When  the  core  of  the  electro-magnet  is  surrounded  by  two  bobbins, 
of  which  one,  the  principal,  receives  a  discontinuous  voltaic  current,  and 

♦  Annalct  de  CJiimle  et  dc  PhyslquCf  Ith  series,  vol.  xxviii.  1873. 
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the  other,  the  secondary  coil,  forms  an  induced  circuit,  the  coefficient  A 
varies  with  the  method  of  closing  this  circuit.  It  is  greater  when  the 
secondary  circuit  is  completely  closed.  It  has  the  same  value  while  the 
circuit  remains  open  and  when  it  is  closed  only  during  the  variable  period 
of  the  closing  of  the  primary  circuit.  It  increases  when  the  secondary 
circuit  is  closed  only  during  the  variable  period  of  rupture  of  the  primary 
circuit. 

These  facts  show  that  the  production  of  magnetic  heat  accompanies  the 
disappearance  of  magnetism  in  the  core,  and  that  induction  in  the 
secondary  circuit  determines  a  division  of  the  heat  between  the  core  and 
circuit. 

2.  The  coefficient  A  diminishes  with  the  duration  of  the  mpture-spark. 
We  vary  this  period  in  causing  the  spark  to  play  across  diverse  media^ 
air,  water,  alcohol,  ether,  etc. 

8.  When  the  point  and  the  mercury  of  the  interrupter  are,  respectively, 
connected  with  the  armatures  of  a  condenser,  the  coefficient  A  becomes 
verv  small.  It  diminishes  as  we  increase  the  surface  of  the  condenser  to 
within  a  certain  limit  and  as  the  number  of  turns  in  the  coil  is  increased. 

4.  Whilst  the  condenser  produces  a  spark  between  two  metallic 
points,  which  communicate  with  its  armatures,  the  value  of  A  is  much 
increased.  In  this  case  the  condenser,  having  been  charged  by  the  rap- 
ture extra-current,  discharges  itself  by  the  lateral  circuit  and  by  the 
bobbin.  If  this  is  of  great  length  the  first  of  these  discharges  is  the  more 
intense. 

It  results  from  this  collection  of  facts  that  to  measure  the  magnetic 
equivalent  of  heat  it  is  necessary  to  employ  a  coil  pf  short  and  coarse 
wire,  to  diminish  as  much  as  possible  the  induction  of  the  coil  upon  itself, 
tu  employ  a  current  of  feeble  intensity,  to  reduce  the  period  of  the 
rupture  extra-cuiTent,  and  to  produce  the  rupture-spark  in  a  vert 
resistant  medium. 

Regarding  these  observations  I  have  arranged  the  calorimetric  apparatus 
I  have  employed  so  as  to  furnish  absolute  values  of  the  heat  of  the  core. 

Second  Series, — The  differential  thermo-electric  apparatus  I  have 
described*  makes  known  the  increments  of  pressure  h  from  the  air 
inclosed  in  a  tubular  magnetic  core,  with  N  interruption  of  the  current 

It  is  easy  to  calculate  the  elevation  of  temperature  d  that  this  air  his 
experienced. 

•  Comptes  Rendus,  23  March,  1874. 
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Let  H„,  /o  be  the  atmospheric  temperature  at  the  moment  we  adapt 
the  manometer  to  the  cylinders  of  the  apparatus,  t  the  temperature  of 
the  compensator  cylinder  at  the  moment  of  experiment,  then  we  have 

0=A^  (278  +  ^0-0. 

Tlie  temperature  of  the  air  contained  in  the  cylinder  is  that  of  the 
internal  surface ;  it  suffices  to  multiply  0  by  the  weight  of  the  iron  P  and 
by  its  specific  heat  C  in  order  to  obtain  the  number  of  calorics  created  by 
the  magnetism. 

An  example  of  a  determination  of  this  kind  follows  :— 

Number  of  turns  in  the  coil 480 

Cylindrical  core  (42  cm.  long,  2  m.m.  depth,  25  m.m. 
radius)  weighing 


832*5  grammes. 


lligrammes 


00232 
2778 

17*8  m.m. 
1-4 
0''508 


Intensity  of  current  (unit  decomposing  9  mi 

of  water  per  second) 
Number  of  interruptions  in  10  mins. 
Value  of  h  observed  in  water    . 
Correction  due  to  cooling 
Value  of  e 

^  Pc  =  0  (the  caloric  raises  1  kilogramme  of  water 

from  0«  to  1*»  c)  .  .  .  .  0^0000174 
Value  of  mV  (the  unit  of  magnetism  is  the  quantity 
that,  applied  to  a  point,  and  acting  upon  an  equal 
quantity,  placed  at  a  distance  of  1  decimetre  from 
the  former,  produces  a  force  of  1  decigramme  at 
Paris;  the  unit  of  length  is  one  decimetre)  .  1865 
We  deduce  from  this  for  a  caloric — 

A  =  —  =  106,000,000  units  of  magnetic  energy. 

0 


FOURTH  NOTE  ON  THE  CONDUCTIBILITY  OE  LIGNEOUS 

BODIES. 

By  Count  du  Monckl. 

The  present  note  has  for  its  object  the  study  of  the  variations  of  con- 
ductivity of  wood  according  to  its  length  and  section.  These  measures 
are  found  to  be  extremely  variable. 
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FIFTH  NOTE  ON  THE  CONDUCTIVITY  OF  LIGNEOUS 

SUBSTANCES. 

By  Count  du  Moncbl. 

Continuing  this  investigation  ;  and  as  result  the  author  finds  the 
intensities  of  the  current  traversing  the  specimens  of  wood  to  he  propor- 
tional to  the  square  roots  of  the  surfaces  of  the  commanicatioii-plattf 
(electrodes).  The  influence  of  the  direction  of  transmission  with  reh^on 
to  the  direction  of  the  wood  fibres  is  also  studied,  and  it  is  deduced,  from 
experiments  made  with  the  current  directed  across  and  directed  with  the 
fibre,  that  the  small  diflFerence  in  conductivity  observed  was  due  to  other 
causes  than  the  diflFerence  of  direction  of  fibre. 


STRATIFICATION  OF  THE  ELECTRIC  LIGHT. 

By  M.  BiDAUD. 

M.  Neyrencuf  s  note  on  the  stratification  of  the  electric  light,  published 
in  the  Comptes  Rendua  of  20th  July,  induces  me  to  make  some  remub 
upon  these  phenomena.  In  April  last,  repeating  the  experiment  of  the 
electric  light  in  rarefied  air,  I  replaced  the  tube  which  serves  to  show  the 
law  of  falling  bodies  in  vacuo,  as  ordinarily  employed,  by  a  Giessler  tobe. 
One  of  the  platinum  wires  communicated  by  a  chain  with  earth,  and  the 
other  was  approached  to  the  conductor  of  a  Carre  machine.  I  then 
obtained  a  luminosity  as  stratified  as  if  I  had  connected  the  tube  with 
the  induced  wire  of  a  Ruhmkorflf  coil.  Struck  with  this  phenomenon,  I 
observed  it  more  closely,  and  increased  the  distances  of  the  platinum  wire 
from  the  conductor  from  1  to  4  centimetres.  Under  these  inductive  con- 
ditions stratification  was  manifest  in  all  its  beauty.  The  charge  of  iS^^ 
conductor,  and,  consequently,  the  velocity  of  rotation,  as  well  as  the  dis- 
tance of  the  tube,  influence  the  phenomena;  but  the  moment  of  maxizDum 
intensity  may  soon  be  found. 
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SIXTH  NOTE  ON  THE  CONDUCTIBILITY  OF  LIGNEOUS 

BODIES. 

By  M.  Th.  du  Moncbl. 

Having  studied  the  modes  of  conductibility  in  wood,  according  to  the 
greater  or  less  hygrometric  condition  of  the  air  and  according  to  their 
nature,  it  remains  to  examine  the  maimer  in  which  we  may  render  wood 
inanlant.  This  question  has  a  certain  practical  interest;  for  the  sole 
non-fragile  insulator  we  are  yet  acquainted  with  in  the  construction  of 
dectrical  instruments  is  ebonite,  and  this  substance  is  very  dear,  and  sub- 
ject after  lapse  of  time  to  sulphurous  efflorescence. 

In  a  preceding  communication  I  have  shown  that  gnaiacum  and  ivory, 
which  were  relatively  rather  good  conductors,  since  they  gave  deflections 
of  50°  and  of  63°,  became  nearly  insulant  after  passage  through  the 
stove  and  after  inmiersion  in  certain  liquids  of  a  resinous  or  oleaginous 
nature.     I  explained  this  by  saying  that  these  liquids,  being  insulators 
and   susceptible   of   modification  by   refrigeration,    entered    the    pores 
of  the  two  substances,  prevented  the  moist  air  from  ultimately  pene- 
trating, and,  consequently,  rendered  the  substances  insulant.    My  suppo- 
sition is  realised  by  the  fact  that,  after  passage  through  the  stove,  the 
experimental  pieces  remained  as  insulant  as  ebonite  and  gutta-percha. 
Their  nature  seems  to  have    suffered  modification,  for  the  ivory  had 
become  very  brittle,  and  the  guaiacum,  which  had  changed  its  colour,  had 
assumed  a  compact  consistence  analogous  to  that  of  ebonite.     I  have 
thus  shown  that  certain  ligneous  substances,  or  substances  of  similar  tex- 
ture, may  become  insulant  when  they  are  so  treated  as  to  render  them 
non-porous.     It  is  curious  that  the  sawdust  of  hard  wood,  agglomerated 
with  blood  and  submitted  to  a  considerable  pressure  in  order  to  render  it 
a  solid  and  tenacious  substance,  as  in  the  hard  woods  of  M.  Latry,  con- 
stituted a  very  good  insulator  for  voltaic  currents.     A  piece  of  wood  of 
this  kind,  sent  me  by  M.  Deschiens,  did  not  furnish  any  deflection  upon 
my  galvanometer  after  thirty-eight  hours'  sojourn  in  my  moist  cabinet, 
although  its  surface  had  been  covered  by  a  heavy  film,  which  was  wiped 
off  before  the  experiment.     This  property  renders  the  wood  very  valuable 
in  the  construction  of  apparatus  of  precision,  and  I  do  not  doubt  thdt  it 
may  in  many  cases  be  substituted  for  ebonite.     At  the  end  of  six  days' 
sojourn  in  a  very  humid  case  it  gave  no  deflection  with  the  galvanometer. 

.  After  these  results  it  would  be  supposed  that  the  \i\jec;t\ow\\\V«^\v^xv^wss. 
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Bubstances  of  insulating  liquids,  susceptible  of  solidification,  would  render 
the  ligneous  bodies  insulant.  In  this  belief,  M.  Niaudet-Breguet  has  sent 
me  several  samples  of  wood  injected  with  parafSn ;  but  as,  with  woods 
incompletely  dried,  the  interiorly-imprisoned  moisture  after  a  lapse  of 
time  will  repel  the  paraffin,  giving  relative  conductivity,  I  asked  M. 
Niaudet-Breguet  to  send  me  two  series  of  paraffined  wood»,  one  prepared 
after  passage  through  the  stove,  the  other  without  this  preliminaiy  opera- 
tion. When  the  samples  of  wood  were  remitted  to  mo  they  presented  do 
traces  of  conductivity,  with  the  exception  of  the  sample  of  mahogany, 
which  gave  a  deflection  of  12°.  After  twenty-two  hours'  stay  in  my  moist 
cabinet  I  again  experimented  with  them,  previously  wiping  them ;  sod  I 
learned  that  the  paraffined  woods  passed  through  the  stove  had  become 
much  less  conductive  than  the  others,  as  shown  in  the  tables  given 
later.  In  order  to  study  the  influence  of  the  prolonged  action  of  dry  and 
of  moist  air  upon  these  woods,  I  have  exposed  them  to  the  sun  during 
ten  days  in  a  dry  chamber,  and  during  another  ten  days  in  a  very  moist 
case.  I  have  learned  that,  after  losing  their  conductivity  by  drying, 
these  woods,  in  spite  of  their  paraffinage,  suffered  very  sensibly  the 
influence  of  humidity. 

Desiring  to  assure  myself  if  complete  drying  and  an  effectual  paraffina- 
tion  produced  better  result,  I  passed  through  the  stove  for  two  hours  the 
series  of  woods  that  had  originally  given  the  strongest  deflections,  and 
soaked  them  in  molten  paraffin  for  from  half  an  hour  to  three  hours.  The 
results  of  trial  after  a  subsequent  sojourn  of  thirty-eight  hoars  in  tiie 
moist  cabinet  and  six  days  in  the  case  are  given  in  the  adjoining  table 
(last  two  columns),  and  these  results  show  amelioration  of  insulation.  I 
especially  observed  that  the  paraffination  in  the  last  experiments  had 
been  effected  in  such  a  manner  that  the  wood  was  coated  with  a  layer  of 
solidified  paraffin,  which  was  scraped  off  after  cooling. 

Pabaffiked  Wood  afteb  Passage  thbough  Stoye. 


Poplar     .... 
Mahogany  . 

Beech 

Linden    .... 

Elm 

Ash 

Pear    

White  Deal 
Walnut  .... 
OaL 


After  13  hoars  in 
moist  cabinet 


16 
10 
8 
8 
8 
6 
6 
6 
2 
0 


10  days  in  dry 
chamber. 


2 
0 
2 
2 
0 
0 
0 
0 
0 
0 


10  days  In  nolst 


55 
65 
5S 
72 
40 
66 
43 
39 
52 
26 
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Wood  Pabaffined  without  Passage  thbouoh  Stove. 


After  12 

bours  in 

moist 

cabinet. 


Poplar 

Biahoganj  .. 

Beech 

Linden    

Elm 

AjBh 

Pear    

White  Deal 

Walnnt  

Oak     


18 

35 

18 

22 

10 

22 

16 

9 

9 

6 


10  days 

indrj 

chamber. 


4 
24 
3 
0 
0 
6 
3 
0 
0 
3 


2  boors  in  stove 

and  36  bours  in 

moist  case. 


ilepassed 

throaJ(b  stove, 

rfe-puafflned, 

and  36  boors  in 

damp  case. 


21 

24 

25 

35 

17 

27 

21 

0 

8-5 

6-5 


10-0 
80 
1-3 
6-5 
1-3 

130 
60 
20 
13 
10 


Again 
paraffined, 
and  6  days 
in  wet  case. 


1-5 
30 
0-5 
3K) 
0-5 
6-5 
10 
1-5 
0-5 
0-5 


I  wished  to  study  the  inflnence  produced  by  the  penetration  of  other 
insulating  liquids  and  by  varnishing.  I  commenced  by  immersing  my 
new-paraffined  specimen  of  poplar  in  a  solution  of  gum  lac  in  alcohol ; 
this  specimen  when  dry  was  put  into  the  case  for  four  days  and  then 
gave  90°  deflection ;  it  gave  previously  2°.  My  specimen  of  mahogany, 
which  gave  a  deflection  of  1°,  coated  with  a  layer  of  varnish,  was  placed 
in  the  cave  for  three  days,  and  gave  0-5°  while  a  similar  specimen,  un- 
ramished,  gave  11°.  Varnish  augments  the  insulation  of  wood  less 
when  it  is  old  ;  for  a  small  plate  of  mahogany  varnished  and  kept  some 
length  of  time  in  a  dry  apartment  gave  a  deflection  of  9^ 

I  sought  to  know  if  powerful  compression  would  render  wood  insulant 
by  closing  its  pores,  and  I  concluded  that  compression  has  the  effect  of 
augmenting  the  conductivity  of  the  wood  by  giving  greater  continuity 
to  the  humid  conductor  and  by  expelling  humidity  to  the  exterior ;  but, 
once  this  action  is  produced,  as  the  humidity  of  the  atmosphere  can  no 
longer  penetrate  so  easily  the  pores  of  the  wood,  the  conductivity 
gradually  diminished,  in  spite  of  augmentation  of  humidity  in  the  sur- 
rounding medium. 

Paget  Higos,  LL.D. 


ON  THE  IMPORTANCE  OF  A  RATIONAL  GROUPING  OF 
THE  ELEMENTS  OF  A  BATTERY  IN  ELECTRICAL  AP- 
PLICATIONS. 

.  By  M.  Th.  du  Moncel. 

We  know  that  Ohm,  in  order  to  establish  the  best  conditions  of  size  of 
a  battery  with  relation  to  a  given  circuit  r,  sup^^ftoA  V\\^  %\\Tlwi.^  ^1  ^ 
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battery  of  the  resistance  n  R  diyided  into  n  equal  parts  in  such  manner 
as  to  constitute  a  battery  of  n  small  elements  in  tension,  giving  for  the 
expression  of  the  intensity  of  the  current 

J  _      nE 
n^E  +  r 

a  formula  susceptible  of  a  maximum,  and  of  which  maximum  the  con- 
ditions correspond  to  n«  R  =  r,  that  is  to  say,  to  the  equality  of  the  two 
resistances  forming  the  circuit. 

This  formula  does  not  exactly  agree  with  the  method  of  grouping  the 
elements  of  a  battery,  and  I  have  sought  a  more  practical  expression, 
and  have  arrived  thereat  by  the  following  reasoning:  Let  n  be  the 
total  number  of  elements  of  a  battery  that  we  can  arrange  as  we  ma? 
wish.  Let  b  be  the  number  of  elements  united  in  quantity  to  constitote 
a  group,  and  let  a  be  the  number  of  these  groups.  Since  n  is  the  total 
number  of  elements,  ax  b  :=zn.  The  quantities  a  and  b  may  take  any 
desired  value  from  1  to  n,  according  to  the  conditions  of  experiment, 
but  these  should  include  whole  numbers,  and  such  that  a  x  bzzn.  If 
this  be  not  the  case,  we  should  adopt  the  combination  that  will  furnish 
for  a  and  for  b  values  approximating  most  closely  the  experimental  con- 
ditions, and  at  the  same  time  are  most  approximate  n  when  inter- 
multiplied.  In  the  case  where  a  =  1,  and  where  bznn,  all  the  elements 
are  arranged  in  quantity,  and  in  the  case  where  a  =  n,  and  &  :=:  1,  all  the 
elements  are  arranged  in  tension. 

Let  us  suppose,  however,  that  we  have  a  group  composed  of  b  elements 
in  quantity  ;  the  value  of  the  intensity  of  the  current  furnished  by  this 
group,  according  to  Ohm's  law,  will  be — 

E  6E 


1  = 


R  .      ""R-i-dr 


If  we  reunite  a  number  a  of  this  group  in  tension  so  as  to  employ  the 
total  (n)  elements.  Ohm's  law  will  give  for  the  intensity  I  of  the 
current— 

aE  abE  nE 


1  = 


a  T>  aR-j-br      aR-fftr* 


Now  this  formula,  which  represents  generally  the  intensity  of  a  battery 
whose  elements  are  arranged  in  series,  that  is  to  say,  by  groups,  is  sns- 

ceptible  of  a  maximum,  for,  b  being  equal  to  -,  the  denominator  of  the 
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last  formula  becomes  a  R  H ,  and  is  susceptible  of  a  minimum.     In- 

deed,  the  result  of  this  expression ,  which  is  R j,  being  put  equal  to 

0,  gives  a*  R  =  n  r,  or  a  R  =  -  r,  or  a  R  =  6  r ;  or  again,  ^  R  =z  r  ;  this 

shows  that  the  resistance  of  the  circuit  r  should  be  equal  to  the  internal 

resistance  of  the  battery  j-  R.     Consequently,  we  can   always  with  a 

battery  composed  of  several  elements  obtain  for  a  given  exterior  circuit  r 
a  voltaic  combination  susceptible  of  furnishing  a  maximum  electric 
inteMiiy^  without  regard  either  to  the  work  produced  or  to  Joules's  for- 
mula. 

These  conditions  of  maximum  being  once  established,  it  is  easy  to 
immediately  ascertain  the  values  of  a  and  of  6,  to  which  they  corresj)ond. 

In  effect,  from  the  equation  a  R  =  6  r,  or  a  R  =:  -r,  we  deduce — 


^ = v¥'  *"^  * = V  V* 


Values  that  may  be  obtained  under  another  form,  when  the  intensity  I  is 

nE 
given,  by  taking  the  formula  I  :=  -  ^^      ,     placed  under  conditions  of 

maximum,  which  will  become — 

.       nE  ,       nE 

2  a  R  2  or 

equations,  whence  we  deduce — 

2Ir       ,^      2IR 
a  = -g- ,  and  6  = -^g— • 

For  what  remains,  we  can  easily  learn  the  limits  between  which  may 
with  advantage  be  employed  such  or  such  method  of  grouping ;  for  these 
limits,  in  order  to  the  coupling  of  h  elements  in  quantity,  are— 

nR  ,       nR 

.,  and 


We  will  now  turn  our  attention  to  the  consequences  of  these  different 
laws  in  electric  applications. 

Let  us  suppose  that  two  telegraphic  electro-magnets,  each  of  2,200 
metres  resistance,  and  wound  with  No.  16  wire,  are  applied  directly  to  a 
Daniell  battery  of  8  elements  arranged  in  tension.  The  force  obtained 
by  each  of  them  will  be  about  70  grammes  at  an  attractive  distance  of 
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1  ui.in.,  consequently  the  total  force  they  will  develope  will  be  140 
grammes.  Now,  if  instead  of  two  electro-magnets  we  employ  only  one, 
this  force  will  be  200  grammes.  We  shall  then  lose  60  grammes  by 
having  two  electro-magnets.  At  first  sight  this  would  appear  an  aDo- 
maly,  or  due  to  imperfect  contact  in  the  electrical  connections,  were  it 
not  that  calculation  leads  to  the  same  results. 

Indeed,  in  applying  Ohm's  formulae  to  the  two  cases  quoted,  we  find— 

1.  That  with  one  electro-magnet  the  intensity  of  the  current  has  for 
its  value  (representing  the  electro-motive  force  of  the  Daniell  battery  by 
5973)  the  number  4-95. 

2.  That  in  the  case  of  the  two  electro- magnets  constituting  two  equal 
derivations  this  intensity  is  represented  by 

g  X  5973  _ 

2(8  X  931)  +  2200 -'^'^* 

The  forces  of  the  electro-magnets  in  the  two  arrangements  will  then 
be  to  each  other  as  the  squares  of  the  quantities  4*95  and  2*79.  How- 
ever, if  we  admit  that  the  force  of  the  electro-magnet  put  into  simple 
circuit  will  be  200  grammes,  the  force  of  each  of  the  two  others  will  be 
given  by  the  formula— 


2-79  X  200       ^ . 

—         J — =  64  grammes  ; 

4-95 

consequently,  the  simultaneous  force  of  the  two  electro-magnets  will  be 

128  grammes  instead  of  200,  as  one  of  the  same  resistance  would  furnish. 

This  effect  is  consequent  upon  the  arrangement  of  the  battery  which 

is  already  not  in  relation  with  the  resistance  of  the  exterior  circuit,  since 

it  is  nearly  four  times  greater  than  the  latter,  and  is  still  less  with 

relation  to  the  circuit  as  constituted  with  two  derivations.     The  formuU 

nE 
^ — P    ,      (which  represents  in  this  case  the  intensity  of  the  current  oq 

each  derivation,  and  is  in  the  case  of  a  battery  arranged  in  series  for 

a  CL  r 

conditions  of  maximum  2v-R  =  rorT-R  ="2)  ^^^^^  ^^^  ^^  ^^ ^^* 

the  resistance  of  the  battery  should  be  half  that  of  the  circuit  r  or  of  the 
electro-magnet.  Consequently  the  number  a  of  elements  in  tension 
which  should  compose  the  battery  will  be  furnished  by  the  formula 


/  nr 
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which  ill  the  conditions  of  the  experiment  we  have  cited  would  hecome 

_       /8  X  2200  _  o.n7j 

""  =  V  2irmr  -  ^  ^^*' 

and  the  number  of  elements  in  quantity  should  be  oTyfi  =  2*6.    But,  as 

the  two  numbers  are  not  integral,  it  is  necessary  to  adopt  a  combination 
which  will  give  to  the  quantities  a,  b,  and  n  values  approximative  to  the 
given  and  calculated  values,  and  we  see  that  a  battery  of  three  elements 
iu  tension,  of  which  each  of  the  elements  is  composed  of  three  elements 
in  quantity,  best  unites  the  conditions.  Now,  with  such  a  battery  the 
force  of  the  single  electro-magnet  will  be  267  grammes,  and  that  of  each 
of  the  two  electro-magnets  introduced  in  the  two  derivations  will  attain 
158  grammes.  The  total*  force  of  these  two  electro-magnets  will  be  316 
grammes,  and  this  time  we  gain  by  using  two  electro-magnets. 

We  thus  can  perceive  how  very  important  it  is  in  electrical  applications 
to  be  precise  as  to  the  experimental  conditions  in  order  that  calculation 
may  guide  us  to  the  best  arrangement  to  give  to  the  several  members 
employed. — Journal  TeUgraphique, 
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Vol.  m.  1874.  No.  9. 


The  Twenty-eighth  Ordinary  General  Meeting  was  held  on  Wed- 
nesday, the  11th  November,  1874,  Mr.  Latimer  Clark, 
Vice-President,  in  the  Chair. 


The  Chairman  :  I  have  to  announce  that  some  progress  has  been 
made  towards  the  acquirement  of  the  library  of  the  lato  Sir  Francis 
Ronalds.  I  think  you  have  been  already  informed  that  Sir  Francis 
Ronalds,  with  whom  we  were  in  communication  on  the  subject 
during  his  life-time,  has  bequeathed  a  very  large  and  valuable  collec- 
tion of  electrical  works  to  his  relative,  Mr.  Samuel  Carter,  witli  full 
powers  to  dispose  of  them  as  he  thought  fit  That  gentleman  has 
already  submitted  to  us  the  drafl  of  an  agreement  by  which  tlie 
library  will  be  transferred  to  the  Society  of  Telegraph  Engineers 
in  trust,  subject  to  certain  conditions.  Among  those  is  one  con- 
dition, that  we  should  print  a  catalogue  of  the  library,  and  publish 
it.  Now  that  is  rather  a  large  undertaking,  and  will  cost  between 
£200  and  £300,  but  I  am  happy  to  say  one  not  at  all  beyond  our 
means.  The  library,  which  is  one  of  great  value  and  interest,  will 
be  transferred  to  the  Society  in  trust,  subject  to  a  condition  that 
after  the  death  of  certain  specified  persons,  who  will  probably  be 
members  of  the  House  of  Peers,  it  will  become  the  absolute  pro- 

VOL.  III.  2d 


372  FAULTS  IN  SUBMARINE  TELEGRAPH  CABLES.    [11th  Kot. 

perty  of  the  Society  of  Telegraph  Engineers,  if  then  existing.  If, 
however,  the  Society  should  dissolve  in  the  meantime,  those  trustees 
would  have  power  to  transfer  it  to  the  Boyal  Society,  or  to  deal 
with  it  in  some  other  way.  I  have  great  pleasure  in  making  this 
announcement,  for  the  library  is  one  of  the  most  complete  collec- 
tions of  electrical  works  that  the  world  possesses. 


The  following  Paper  was  then  read — 

ON  FAULTS  IN  SUBMARINE  TELEGRAPH  CABLES. 

By  J.  J.  Fahie. 

I  propose  to-night  to  lay  before  you  much  perhaps  with  which 
you  are  already  familiar,  but  still  something  that  I  believe  to  be 
new,  and,  as  I  hope  you  will  admit,  not  unimportant,  on  the  subject 
of  Faults  in  Submarine  Telegraph  Cables. 

About  eighteen  months  ago  I  began  a  series  of  experiments 
with  the  object  of  discovering,  if  possible,  a  method  by  which  the 
position  of  a  fault  in  a  submarine  cable  could  be  more  accurately 
determined  than  at  present.  It  is  to  a  narration  of  some  of  these 
experiments,  and  of  the  conclusions  I  gather  from  them,  that  I 
would  beg  your  attention. 

At  the  period  to  which  I  refer,  while  considering  where  and 
how  to  begin  my  inquiries,  I  recollected  having  read  in  a  justly- 
popular  work  on  telegraphy  that  the  voltaic  current  set  up  in  a 
broken  cable  is  always  steady  and  positive.  I  knew  that  this  (W 
not  apply  to  a  cable  not  broken,  but  simply  where  the  conductor  is 
bared  or  exposed ;  still  I  resolved  to  begin  by  proving  the  &ct 
I  had  fortunately  at  my  service  a  very  faulty  section  of  the  first 
Persian  Gulf  cable,  and  upon  this  I  at  once  proceeded  to  operate. 

On  putting  the  cable  to  earth  through  a  galvanometer,  I  foonJ 
that  the  current  coming  from  it  deflected  the  needle  in  the  direc- 
tion whicli  showed  that  it  was  a  negative  current,  and  on  observiiig 


1874.]         FAULTS  IN  SUBMARINE  TELEGRAPH  CABLES.  373 

attentiyely  for  some  time  I  could  also  see  it  was  not  steady.  Lest 
these  results  may  have  been  due  to  some  accidental  circumstances, 
I  made  a  long  series  of  similar  observations,  a  few  of  which  will 
be  found  in  the  Appendix  to  this  paper.  These  observations  were 
made  at  all  hours  of  the  day  and  night  on  four  diflFerent  sections 
(two  of  which  were  faulty),  and  were  extended  over  a  period  of 
several  months.  They  all  tended  to  but  one  conclusion,  viz.,  that 
the  currents  in  bared  cables  cannot  be  distinguished  in  the  matter 
of  strength,  except  perhaps  at  times,  from  the  ordinary  earth- 
currents  to  be  foxmd  in  all  telegraph  lines,  good  or  bad,  whether 
over  or  under  ground.  As  a  proof  of  their  identity  I  invariably 
found,  that,  when  the  current  from  the  faulty  cable  was  positive, 
the  earth-current  from  the  cable  lying  in  the  same  direction  was 
also  positive,  while  those  from  the  cable  and  land-line  lying  in  a 
different  direction  were  negative,  and  vice  versa,  I  also  found  it 
made  no  difference  whatever  whether  the  distant  end  of  the  line 
was  insulated  or  not  Thus  repeatedly,  while  watching  the  gal- 
vanometer, I  caused  the  distant  end  to  be  alternately  insulated 
and  put  to  earth  without  producing  the  slightest  effect  on  the 
needle.  This,  however,  I  think  is  true  of  very  faulty  cables  only, 
for  I  have  noticed  in  some  cases,  that,  when  the  fault  itself  .has  a 
considerable  resistance,  the  directions  of  the  current  from  the  cable, 
when  the  distant  end  is  insulated  and  to  earth,  do  not  always 
coincide. 

Having  convinced  myself  that  the  cable-current  could  not  be 
turned  to  any  useful  purpose  on  account  of  its  variability,  "I  set 
about  some  other  experiments.  Amongst  the  rest  I  connected  the 
faulty  cable  above  mentioned  to  a  Wheatstone's  bridge,  and  tested 
in  the  usual  way  its  insulation  resistance,  using  sixty  cells  negative, 
and  noting  at  short  intervals  the  direction  and  strength  of  the 
cable-current.  The  following  is  a  specimen  of  the  results  ob- 
tained:— 


2d  2 
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Duration  of  testing 
battery  contact. 

Insalation 
resistance. 

Remarks. 

After  1st  minute 

587  units 

Cable-current  negative. 

„    15th 
„    24th 

»> 
» 

570 
550 

ditto 
ditto 

ditto        but  less  strong, 
ditto                 ditto. 

„    30th 

» 

550 

)i 

ditto 

rose  slightly  between  24th 
and  30th  minute. 

„    41st 
„    47th 
„    50th 

99 

520 
500 
496 

Apparently  no  cable-current. 
Cable -current  positive, 
ditto        ditto. 

„    53rd 
„    60th 
„    68th 

99 

494 
500 
518 

ditto 
ditto 
ditto 

ditto        slightly  stronger, 
decreasing, 
ditto. 

„    75th 
„    85th 

512 
520 

ditto 
Apparently 

rose  again, 
no  cable-current. 

The  fault  in  this  cable  as  afterwards  discovered  was  actually  493 
units  of  resistance  from  me,  but,  as  we  could  get  at  this  time  some 
sort  of  signals  from  the  distant  station,  the  fault  itself  must  have  bad 
some  resistance.  520  units  must  consequently  hav^  been,  if  not 
the  exact,  at  all  events  a  very  close,  approximation  to  the  real  re- 
sistance of  the  line  to  and  including  the  fault.  Now,  as  520  units 
was  the  resistance  when  there  was  no  cable-current,  it  was  obvious 
that  if  we  could  in  every  case  eliminate  this  current  the  nearest 
approximation  would  be  obtained.  But  the  difficulty  was  how  to 
do  this  at  once  and  whenever  required,  for  to  wait  until  the  current 
itself  in  its  ebb  and  flow  arrived  at  its  lowest  point  or  zero  would 
indeed  entail  weary  and,  it  may  be,  prolonged  watching. 

Mr.  CuUey  recommends  for  this  purpose  the  application  of  a  strong 
negative  current  for  ten  or  twelve  hours,  interrupting  it  occasion- 
ally, and  giving  a  short  positive  current,  and  watching  till  the 
cable-current  ceases.  I  tried  this  method,  but  without  success. 
I  cannot  say  how  it  would  answer  in  the  case  of  faults  caused  br 
actual  breaks  of  continuity  (indeed  Mr.  Culley  describes  it  in  con- 
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nectioii  with  such  cases),  but,  so  far  as  my  b'mited  experience  goes, 
it  is  of  litt'e  value  for  fixing  with  accuracy  the  position  of  a  fault 
where  the  copper  wire  is  merely  exposed  and  not  broken.  The 
method  fails  mainly,  as  I  think,  because  it  is  employed  without 
any  reference  to  the  condition  of  the  cable-current  at  the  time  of 
testing.  Thus,  bearing  in  mind  that  the  current  from  a  faulty 
(bared)  cable  is  identical  with  the  earth-current,  it  may,  and  in  all 
likelihood  will,  so  happen  that  it  makes  several  oscillations  from 
positive  to  negative,  and  vice  versdy  during  the  ten  or  twelve  hours 
the  strong  negative  current  is  on  line ;  and,  therefore,  unless  the 
galvanometer  be  closely  watched,  the  needle  may  pass  several  times 
over  the  zero  point  without  being  detected.  Again,  if  at  the  time 
of  testing,  the  cable-current  be  positive,  the  application  of  a  nega- 
tive current  of  a  certain  strength  will  be  useful  up  to  a  certain 
point,  but,  if  continued  beyond  this,  it  will  do  much  harm.  If,  on 
the  other  hand,  the  cable-current  be  negative,  a  negative  battery- 
cmrent  will  only  make  it  more  so.  For  example,  the  current 
from  my  faulty  cable  was  5°  negative ;  I  put  on  sixty  cells  negative 
for  five  minutes,  and  on  removing  it  from  the  cable-cun^ent  was  55° 
negative,  at  which  it  remained  steady  for  a  long  time,  and  then^ 
fell  gradually  to  its  first  position. 

By  attentively  observing  the  behaviour  of  the  cable-current 
when  left  to  itself,  and  when  alternately  opposed  and  assisted  by 
tlie  battery-currents,  I  was  led  to  the  following  method  of  elimina- 
tion. As  I  shall  have  frequently  to  refer  to  this  hereafter  as  a 
part  of  my  system  of  testing,  I  may  be  allowed,  for  the  sake  of 
distinction,  to  refer  to  it  as  "  my  method." 

My  method  then  consists,  briefly,  in  first  eliminating  the  cable- 
current,  whether  it  be  positive  or  negative,  and  then  taking  while 
the  cable  is  free  a  simple  resistance-test  with  the  bridge,  in  the 
manner  to  be  presently  described.  The  cable-current  is  eliminated 
by  sending  into  the  line  a  current  of  the  opposite  sign  to  that 
coming  from  it,  and  arranging  the  strength  and  duration  of  this 
current  to  suit  the  strength  of  the  one  from  the  cable.  Thus,  if  the 
latter  be  strong  and  negative,  I  put  (say)  sixty  cells  positive  to  line 
for  a  couple  of  minutes,  and  then  note  the  condition  of  the  cable- 
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cun-ent ;  if  it  be  still  negative,  but  weaker,  I  put  the  batterj'  on 
again  for  a  short  time,  and  continue  to  do  so  until  the  galvanometer 
needle  indicates  a  weak  positive  current  from  the  fault  If  the 
latter  be  now  left  to  itself  and  the  cable  put  to  earth  through  a 
galvanometer,  the  needle  will  steadily,  and  as  a  rule  leisurely,  M 
to  zero  and  pass  over  to  the  other  side,  indicating  a  negative  current 
again  from  the  fault  While  the  needle  is  on  zero  the  line  is  free 
and  in  a  fit  state  for  the  subsequent  test. 

If  the  cable-current  be  positive,  I  put  sixty  cells  negative  on 
until  I  have  depolarised  the  fault ;  the  effect  in  this  case  is  more 
brief  than  in  the  other,  the  needle  falling  quickly  to  zero  and  cross- 
ing to  its  original  position. 

Having  once  eliminated  the  current  from  the  fault  (and  the  opera- 
tion never  exceeded  ten  minutes  in  the  most  obstinate  cases  I  have 
met  with)  tlie  cable  can  always  be  kept  free  by  momentary  appli- 
cations of  the  necessary  battery  pole.  Thus,  if  the  needle  begin  to 
move  off  zero  in  the  direction  indicating  a  negative  current  from 
the  fault,  a  positive  current  applied  for  a  moment  will  bring  it  back, 
and  vice  versa.  In  practice  I  prefer  to  repolarise  the  fault  shghtlv 
in  the  opposite  direction,  as  I  thereby  gain  a  little  time  to  arrange 
the  bridge  for  a  test. 

Having  shown  how  to  prepare  the  cable,  I  will  now  describe  the 
test   Tlie  bridge  is  arranged  somewhat  in  the  following  manner:— 


P  is  a  circuit- breaker ;  when  the  plug  is  removed  the  connection 
hetweon  the  branch  coils  A  and  the  resistance-box  R  is  severeil;  ii^ 
an  ordinary  key  for  putting  the  line  to  earth  through  the  galvano- 
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meter  G'  or  to  the  bridge  as  may  be  required.   The  rest  needs  no 
explanation. 

I  first  ascertain  by  an  ordinary  test  the  approximate  resistance 
of  the  faulty  line  L,  and  leave  it  unplugged  in  R.  I  next  allow  the 
line  to  rest  for  a  few  minutes  in  order  that  it  may  recover  itself 
from  the  efiects  of  the  current  employed  in  this  preliminary  test, 
and  then  depress  A,  and  observe  the  cable-current  on  the  galvano- 
meter G'.  Let  it  be  positive,  I  open  the  switch  S,  remove  the 
plug  P,  and  send  a  negative  current  from  my  testing  battery  of 
(say)  sixty  cells  into  the  cable  via  the  branch-coils  B,  which  should 
be  plugged  in  to  avoid  heating.  When  I  have  repolarized  the  cable- 
current — a  fact  which  I  ascertain  by  putting  L  to  earth  at  intervals 
through  G' — I  arrange  the  bridge,  close  the  switch  S,  and,  keeping 
L  to  G',  watch  till  the  needle  comes  to  zero ;  at  that  moment  I  let  K 
fly  back  and  send  a  negative  current  through  the  bridge  system, 
observing  the  instantaneous  efiect  on  the  galvanometer  G.  If 
K  be  too  great  the  needle  will  be  deflected  in  a  direction  (say  to 
the  right)  indicative  of  this,  but  immediately  after  it  will  rush 
across  zero  and  up  the  other  side  of  the  galvanometer  (to  the  left), 
showing  that  the  cable-current  has  again  set  in.  If  R  be  too 
small  the  needle  will  pass  to  the  left,  at  first  slowly,  but  immediately 
after  with  a  bound,  and  knock  against  the  brass  pillar  at  90°.  R  is 
now  adjusted,  resistance  is  inserted  or  removed  as  required,  and  tlie 
eliminating  process  begun  again.  As  R  more  nearly  resembles  L, 
the  first  and  instantaneous  deflections  after  battery-contact  become 
smaller ;  and,  when  R  and  L  are  equal,  the  needle  trembles  over 
the  zero-point  for  a  moment,  and  then  rushes  over  to  the  left 
imder  the  influence  of  the  cable-current. 

Should  the  cmxent  given  off*  by  the  fault  be  negative,  having 
arranged  the  bridge  as  before,  1  repolarise  the  fault  with  a  posi- 
tive battery  current,  and,  waiting  till  G'  shows  the  cable  free,  proceed 
to  test  as  before,  but  using  a  positive  current  instead  of  a  negative. 
Should  R  be  too  great  the  needle  of  G  will  be  deflected  in  this 
case,  first  to  the  left  and  then  to  the  right.  Should  it  be  too  small 
the  needle  will  move  to  the  right,  at  first  slowly,  but  immediately 
aft«r  with  a  rush.     The  galvanometer  G  must  always  be  ready, 
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and  not  short-circuitod,  else  the  first  and  instantaneous  deflections 
after  battery-contact  will  not  be  perceived. 

From  the  5th  January,  1873,  the  day  on  which  I  began  to  apply 
this  method  of  testing,  to  the  middle  of  February  following,  I 
invariably  obtained  507  units  as  the  insulation  resistance  of  the 
faulty  cable ;  while  the  resistance  obtained  by  the  ordinary  style 
of  testing  varied  between  450  and  700  units,  according  to  the 
direction  and  strength  of  the  cable-current.  After  the  middle  of 
February,  when  the  fault  was  two  months  old,  my  method  always 
gave  520  units,  and  for  some  days  before  the  cable  was  repaired,  in 
March,  534  units ;  the  tests  after  the  ordinary  method  var}'ing  as 
before. 

I  took  some  tests  in  March  to  localize  the  fault,  and  obtained 
amongst  others  the  following  data,  which  I  give  as  a  fair  specimen 
of  the  others : — 

(1.)  When  distant  and  insulated,  resistance  =  534  units. 
Ditto  put  to  earth  ditto      =  530     „ 

When  line  in  good  order  ditto      =  920     „ 

Then  by  the  well-known  formula : 

530  -  y  (534  -  530)  x  (920  -  530)  =  490-5  =  resistance  to 
the  fault.     As  I  have  said,  the  fault  was  found  493  units  distant 

In  practice  I  have  found  that  when  the  cable-current  is  positive 
it  is  easily  eliminated  by  a  negative  current,  but  that  when  it  is 
negative  the  operation  with  a  positive  current  is  more  difficnlt 
Indeed  I  prefer  not  to  employ  a  positive  testing  current  at  all, 
except  for  a  moment  when  it  is  required  to  eliminate  a  weak 
negative  cable-current.  A  positive  current  applied  '  for  a  few 
seconds  in  this  manner  has  only  time  to  depolarise  a  fault,  but 
when  continued  longer  it  seems  to  actually  coat  the  exposed  wire 
with  badly-conducting  substances,  by  which  the  total  resistance  is 
increased.*  To  illustrate  this.  Wishing  to  eliminate  a  negative 
current,  I  put  sixty  cells  positive  to  the  cable  for  twenty  minutes;  on 
putting  the  line  to  earth  through  the  galvanometer  the  needle 
indicated  a  slightly  positive  current  fi^om  the  fault.  The  needle 
slowly  returned  to  zero  and  remained  there  for  several  minutes. 

•  Sec  Appendix  B. 
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Whilst  the  cable  was  thus  free  a  test  by  my  method  gave  548  units 
as  the  "  insulation  "  resistance  instead  of  507,  the  resistance  before 
applying  the  positive  current  On  several  other  occasions  I  re- 
duced the  negative  current  to  zero  by  applying  sixty  cells  positive 
for  ten  and  fifteen  minutes,  but  the  resistance  for  a  long  time 
afterwards  varied  from  570  to  700  units  instead  of  being  507  or 
thereabouts. 

I  have  noticed  that  when  the  fault  is  depolarised  by  a  positive 
current  of  any  duration  it  does  not  recover  itself  for  a  long  time. 
If  a  galvanometer  be  joined  in  circuit,  its  needle  will  remain  at  or 
near  zero  for  a  considerable  time,  occasionally  oscillating  feebly. 
Thus,  fifteen  minutes  after  eliminating  the  cable-current,  the  needle 
was  still  at  zero,  and  then  went  over  to  the  positive  side,  the  deflec- 
tion increasing  with  slight  oscillations.  The  depolarisation  by  a 
negative  current  on  the  other  hand  lasts  only  for  a  few  moments. 

In  conclusion  of  this  poiiion  of  my  paper  I  feel  it  necessary  to 
mention  that  the  whole  of  the  foregoing  observations  do  not  appear 
to  be  applicable  to  every  fault.  Thus  I  have  noticed  that  wTien 
the  fault  has  considerable  resistance  in  itself,  or  when  more  faults 
than  one  exist,  it  is  not  always  possible  to  eliminate  the  cable- 
current.  Again,  as  I  have  before  remarked,  when  the  fault  possesses 
resistance,  the  direction  and  strength  of  the  cable-current,  when  the 
distant  end  is  alternately  insulated  and  put  to  earth,  do  not  always 
coincide.  For  example,  a  fault  occurred  on  a  six-mile  piece  of  shore- 
end  cable,  which  reduced  the  insulation  resistance  to  about  2,000 
units  absolute.  Now,  when  the  ftirther  end  of  this  piece  was  to 
earth,  I  ofl»n  got  (say)  a  strong  negative  current,  but  when  it  was 
insulated  the  cable-current  was  slight  and  positive.  Again,  when 
the  fault  is  ftirther  off  than  about  150  miles,  and  the  intei'vening 
cable  perfect,  the  charge-current  interferes  with  the  test. 

These  exceptions  are  still  engaging  my  attention,  and  I  mention 
them  here  in  the  hope  that  some  electrician  at  home,  with  better 
opportunities  than  I  possess,  may  also  take  them  in  hand. 

In  the  course  of  my  numerous  and  varied  experiments  on  the 
faulty  Persian  Gulf  cable  it  occurred  to  me  to  apply  the  test 
with  different  battery  powers,  which  Mr.  Clark  recommends  as 
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affording  a  valuable  means  of  obtaining  the  approximate  resistance 
of  a  fault  Mr.  Clark  says,  "  The  resistance  of  a  small  fault  is 
much  greater  with  a  small  battery  power,  say  five  cells,  than  with 
a  higher  power,  say  fifty  cells  ;  but  if  the  fault  be  a  large  one  the 
resistance  will  be  more  nearly  equal,  and  if  a  greater  length  of 
copper  be  exposed  the  resistances  will  be  the  same."  In  order  to 
demonstrate  this  I  arranged  an  experimental  fault,  exposing  one 
inch  of  copper  wire  in  a  bucket  of  sea  water ;  testing  by  my  method, 
ue.  after  eliminating  the  cable-current,  I  got  37  units  as  the  resist- 
ance of  the  wire  to  and  including  the  fault.  An  ordinary  test  with 
i)0  cells  gave  62  units,  and  with  10  cells  110  units.  With  another 
artificial  fault,  exposing  only  a  section  of  small  copper  wire,  the 
results  were : 

By  my  metliod, resistance    85  units. 

By  ordinary  method,  with  60  cells,       „  110     „ 

10     „  „  160     „ 

So  far  my  experiments  were  apparently  corroborative  of  Mr. 
Clark's  statements,  but,  while  repeating  the  tests  with  10  cells  and 
with  60  cells  alternately,  I  obtained  to  my  surprise  on  one  occasion 
nearly  the  same  resistance  with  the  two  batter}^  powers.  Feeling 
that  I  was  on  the  eve  of  some  important  discovery  I  kept  on 
repeating  the  tests  alternately,  and  soon  discovered  that  when  there 
was  no  cable-current,  and  when  the  battery  power  was  altered 
rapidly  fi*om  10  to  60  cells,  and  vice  versdy  the  resistance  with  both 
powers  was  exactly  the  same,  viz.  50  units  in  the  first  artificial 
fault  and  97  units  in  the  second.  From  this  I  concluded  that 
different  resistances  obtained  with  different  battery  powers  are  due 
to  the  presence  of  a  current  in  the  cable,  and  not,  as  Mr.  Clark 
says,  to  the  great  or  small  resistance  of  the  fault  itself. 

My  subsequent  experiments  on  the  faulty  cable,  so  oft;en  referred 
to  in  this  paper,  and  on  otlier  artificial  faults,  fully  confirmed  this 
view,  and  enabled  me  to  establish  the  following  points  : 

1st.  When  there  is  no  cable-current  an  ordinary  test  always 
gives  the  same  result  with  10  and  60  cells  (or  even  10  and 
1000  cells).  Thus  on  diff'erent  occasions  I  obtained  on  the 
faulty  cable — 
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With  60  cells  565  units.     With  10  cells  565  units. 
,,  550     ,,  „  550     ,j 

540    „  „  540    „ 

„  575     „  »  „  575     ,, 

2nd.  When  the  cable-current  is  negative,  and  testing  with  a 
negative  current,  the  resistance  with  60  cells  is  always  less 
than  with  10  cells,  and  for  this  reason  the  negative  cable- 
current,  by  opposing  the  negative  testing-current,  makes 
the  resistance  greater  than  it  really  is  ;  but,  as  60  cells  are 
able  to  depolarise  the  fault  to  a  greater  extent  than  10  cells, 
the  negative  cable-current  (and  consequently  the  resistance 
it  opposes)  is  less  strong  in  the  former  case  than  in  the 
latter. 

The  following  examples  taken  at  random  from  a  large  number 

observations  will  illustrate  this  law.  With 

cells  negative  resistance  570  units.  With  10  cells  resistance  630 

„                         610  „                       710 

„                        590  „                       670 

„                        705  „                       915 

„                        640  „                       660 

3rd.  When  the  cable-current  is  positive,  and  still  testing  in 
the  ordinary  way  with  a  negative  current,  the  resistance 
with  60  cells  is  always  greater  than  with  10  cells.  The 
reason  for  which  is,  a  positive  cable-current  assists  the 
negative  testing  current  and  makes  the  resistance  of  the 
wire  appear  less  than  it  actually  is.  Now  60  cells  neutralize 
this  help  (by  depolarising  it)  to  a  greater  extent  than  10 
cells ;  and,  therefore,  as  the  assisting  cable-current  becomes 
less,  the  resistance  apparently  increases. 

Owing  to  the  rapid  polarisation  by  the  negative  testing  current, 
wras  for  some  time  unable,  with  experimental  faults,  to  show  the 
'ects  of  a  positive  cable-current  on  the  resistance  with  10  and  60 
lis,  for  although  the  current,  from  the  fault,  was  always  positive, 
t  the  negative  testing  current  appeared  so  speedily  to  depolarise 
d  repolarise  it  in  the  reverse  direction,  that  an  instant  after. 
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putting  on  the  negative  testing  current,  the  current  from  the  fault 
was  really  negative  too.  Again,  after  removing  the  battery-current, 
the  fault  immediately  recovered  itself,  and  gave  oflp  a  positive  cur- 
rent as  at  first  For  example,  the  cable-current  was  positive.  I 
tested  with  60  and  10  cells  negative,  and  got  115  and  165  units; 
but,  on  again  observing  the  direction  of  the  cable-current,  I  found 
it  was  still  positive  instead  of  negative. 

Suspecting  that  this  was  due  to  rapid  polarisation  and  depolarisa- 
tion,  I  took  a  test  quickly,  first  using  10  cells,  then  60,  and  on 
observing  the  direction  of  the  cable-current  now  found  it  for  an 
instant  on  the  negative  side  of  the  galvanometer ;  with  one  or  two 
swings  the  needle  went  over  again  to  the  positive  side.     In  other 
experiments  with  these  artificial  faults  I  began  by  putting  60  cells 
positive  on  for  some  seconds.     In  this  way  I  succeeded  in  impress- 
ing on  the  fault  a  polarisation  which  lasted  sufficiently  long  to 
show  that  60  cells  always  gave  a  higher  resistance  than  10  cells. 
The  following  were  obtained  on  the  cable — 
With  60  cells  resistance  480.    With  1 0  cells  resistance  420 
„  500  „  460 

„  450  „  400 

„  555  „  520 

4th.  Varying  resistances  with  the  same  battery-power  are  doe 

to  varying  strengths  of  the  cable-current 
5th.  Differences  with  60  and  10  cells  are  due  to  the  same 
cause.  Thus,  when  the  cable-current  is  strong  and  nega- 
tive, the  tests  with  60  and  10  cells  negative  differ  more 
tlian  when  the  current  is  moderate ;  when  the  current  is 
slight  the  difference  is  still  less,  and  when  there  is  no  cable- 
current  the  two  tests  agree. 
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APPENDIX  (A). 

Jask-Henjam  Cable  faulty.     January  17th,  1873. 

Observed  following  Deflections  firom  Cable-current  with  distant 

end  insulated. 


Time. 


Deflection. 


Midnight. 

12-10  a.m. 
„  20  „ 
„  80  „ 
»  85  „ 
„  40  „ 

fj  49  „ 
»  60  „ 

i»  5*  » 

1-  0„ 

,,  10  „ 
»»  15  „ 
»  20  „ 
>»  25  „ 
»  30  „ 
»  35  „ 
»  40  „ 
»  45  „ 
„  50  „ 

2-  0  „ 


48° 
32° 
24° 

Zero. 
4° 

Zero. 
12° 

Zero. 
3° 

Zero. 
15° 
35° 
45° 
50° 
51° 
49° 
48° 
50° 
52° 
55° 
55° 
54° 
54° 


Kemarks. 


Positire  cable-current, 
ditto, 
ditto. 

Negative  cable-current. 

Positive  cable-currents,  slight  oscillations. 

ditto  ditto. 

Negative       ditto  ditto. 

Having  risen  to  6°  positive. 
Positive  cable-current,  oscillations. 


ditto 

steadier. 

ditto 

ditto 

ditto 

slight  oscillations. 

ditto 

ditto. 

ditto 

ditto. 

ditto 

ditto. 

ditto 

steady. 

ditto 

ditto. 

ditto 

ditto. 

ditto 

ditto. 

ditto 

ditto. 

zu 
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Jask-Henjam  Cable.     January  Sth,  1873. 

Observed  Cable-current  on  the  Mirror  Gralvanometer  as 
follows — Distant  end  of  Line  insulated. 


Time. 

Deflection. 

Remarks. 

10  p.m. 

160° 

Cable-current  negative. 

»     5  » 

150° 

ditto. 

»  10  „ 

140° 

ditto. 

»  15  » 

185° 

ditto. 

,,  20  „ 

130° 

ditto. 

»  25  „ 

145° 

ditto. 

„  80  „ 

150° 

ditto. 

»  85  „ 

150° 

ditto. 

„  40  „ 

142° 

ditto. 

,,  45  „ 

180° 

ditto. 

„  50  „ 

120° 

ditto. 

»  55  „ 

124° 

ditto. 

11  p.m. 

126° 

ditto. 

u    5  „ 

130° 

ditto. 

„  10  „ 

132° 

ditto. 

»  15  „ 

135° 

ditto. 

„  20  „ 

185° 

ditto. 

»  25  „ 

i 

.     185° 

ditto. 

All  these  readings  were  pretty  steady ;  at  times  slight  oscillatiot 
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Jask-Henjam  Cable.     January  5tli,  1873, 
Distant  end  of  Cable  to  Earth. 


Time. 


1*0  p.m. 
5 


7> 


„  10 

„  12 
„  15 

„  5iO 
„  25 
„  30 
„  35 
„40 
„  50 
„  55 
20  p.m. 
»  2 
„  5 
„  10 
„  15 
„  20 
„  25 
80 


» 


„  35 
„  37 
„  40 


Deflection. 


27° 
Zero. 
17° 
24° 
38° 
33° 
26° 
45° 
54° 
60° 
65° 
54° 
38° 
Zero. 
47° 
58° 
64° 
64° 
62° 
53° 
35° 
Zero. 
54° 


Remarks. 


Negative  cable-current. 


Positive 
Negative 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 

Positive 
ditto  • 
ditto 
ditto 
ditto 
ditto 
ditto 


ditto, 
ditto, 
ditto, 
ditto, 
ditto, 
ditto, 
ditto, 
ditto, 
ditto, 
ditto, 
ditto. 

ditto, 
ditto, 
ditto, 
ditto, 
ditto, 
ditto, 
ditto. 


Negative  ditto. 


Observe  how  rapidly  cable-current  changes  from  positive  to 
negative  here. 
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Jask-Henjam  CaUe.    Janoaiy  28tb,  1873. 
Distant  end  insolated. 


TimB. 

Befleedon. 

Bcmarks. 

4-0  p.m. 

2%" 

PoritiTe 

..     5  „ 

39° 

ditto 

ditto. 

..  10  » 

35" 

ditto 

ditto. 

„  20  .. 

29° 

ditto 

ditto. 

»  25  „ 

2° 

ditto 

ditto. 

..  80  „ 

25° 

Negatiw 

ditto. 

,.  35  „ 

43= 

ditto 

ditto. 

„  40  „ 

36° 

ditto 

.ditto. 

„  55  „ 

40° 

ditto 

ditto. 

5-5  p-in. 

'    27° 

ditto 

ditto. 

..  16  >. 

5° 

ditto 

ditto. 

>.  25  „ 

10^ 

Positive 

ditto. 

„  35  ,. 

10° 

ditto 

ditto. 

„  40  „ 

20° 

ditto 

ditto. 

„  50  ,. 

17° 

ditto 

ditto. 

60  p.m. 

28° 

ditto 

ditto. 
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APPENDIX  B. 

The   following  experiments    show   the  effects  of  Positive  and 
Negative  Currents  on  a  fault : — 

Jask-Biishire  Cable,  very  faulty.     Sept.  25th,  1871. 
60  Cells  positive  to  Line  through  a  Galvanometer  shunted. 


Time. 

Deflection. 

RemarkB. 

2-30  a.m. 

^^ 

Needle  hard  against  brass  pillar  at  90°. 

5*5  „ 

80° 

,,  40  „ 

57° 

»  45  „ 

55° 

Needle  oscillating  between  50°  and  60°. 

„  50  „ 

ditto 

ditto                     ditto 

yy    55    „ 

ditto 

ditto                     40°  and  70°. 

30     „ 

ditto 

ditto                     ditto 

»     5  „ 

ditto 

ditto                    ditto 

„  10  „ 

ditto 

ditto                     ditto 

»  15  „ 

ditto 

ditto                   30°  and  80°. 

»  20  „ 

ditto 

ditto                     ditto. 

,,  25  „ 

ditto 

ditto                    ditto 

»  45  „ 

50° 

Rose  to  52°,  slight  oscillations. 

4-30    „ 

52° 

Blight  oscillations. 

The  oscillations  here  noted  were  really  more  violent,  as  was  seen 
whenever  the  shunt  was  removed  from  the  galvanometer. 
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Jask-Heiijam  Cable.    Jan.  20th,  1872. 

Put  60  Cells  positive  to  Line  through  Galvanometer  shunted. 

Distant  end  Insulated. 


Time. 

Deflection. 

Remarks. 

1st  min. 

No  reading 

Violent  oscillations. 

5th     „ 

34° 

Moderate      ditto. 

10th     „ 

32° 

ditto          ditto. 

15th     „ 

30° 

Oscillating  between  15°  and  45°. 

20th     „ 

32° 

Strong  oscillations. 

25th     „ 

35° 

Strong  irregular  oscillations,  reading  guessed. 

SOth     „ 

30° 

ditto                        ditto 

35th     „ 

27° 

ditto                         ditto 

40th     „ 

20° 

ditto                         ditto 

45th     „ 

20° 

ditto                         ditto 

Observed  during  above  that  the  needle  always  began  an  oscil- 
lation by  a  sudden  plunge  up  the  scale,  as  if  the  resistance  of  the 
fault  suddenly  fell,  probably  in  consequence  of  the  cloride  coating 
being  to  some  extent  washed  ofi*  by  the  water. 
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Jask-Henjam  Cable.     February  7th,  1873. 

Put  60  Cells  positive  to  line  through  Galvanometer  shunted. 

Distant  end  Insulated. 


Time. 

Deflections. 

Remarks. 

After  1st  miDute 

70° 

^ 

„     5th 

65° 

„    10th 

62° 

„    15th 

61° 

„    20th 

60° 

Oscillations  thronghout,  sometimes 

„    35th 

58° 

violent  but  generally  moderate. 

„   45th 

57° 

„   55th 

56° 

„    70th 

54° 

„    75th 

54° 

1 

4 

Now  put  line  to  earth  through  tho  galvanometer,  and — 

1  minute  after  cable-current  was  64°  positive 
5  do.  do.  64°    do. 

10  do.  do.  67°    do. 

15  do.  do.  67°    do. 

I  now  took  an  ordinaiy  resistance-test  with  tho  bridge,  using 
30  cells  negative ;  immediately  after  battery-contact  the  resistance 
was  over  1,000  units,  but  fell  gradually  in  the  course  of  35  minutes 
to  375  units,  and  then  began  to  rise  again. 


2  £2 
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Jask-Bushire  (through  Henjam).     Jan.  30th,  1873. 

Line  to  earth  at  Bushire.     Tested  in  the  ordinary  way,  using 

60  Cells  positive. 


Time. 

Resistance. 

Remarks. 

• 

let  min. 

536  units 

Oscillations. 

10th     „ 

600    „ 

ditto        strong. 

20th     „ 

690    „ 

ditto         ditto 

30th     „ 

760    „ 

' 

40th     „ 

840    „ 

50th     „ 

960    „ 

60th     „ 

1120    „ 

70th    „ 
80th    „ 

1230    „ 
1390    „ 

Violent  oscillations  throughout. 

90th     „ 

1440    „ 

100th     „ 

1570    „ 

110th     „ 

1650    „ 

120th     „ 

1500    „ 

> 

Now  rapidly  changed  current  and  tested  with  10  cells  negative 


Time. 

Resistance. 

Remarks. 

1st  min. 

1690  units 

Oscillations. 

5th     „ 

720 

ditto        slight. 

10th     „ 

575 

ditto        occasionally. 

15th     „ 

545 

\ 

20th     „ 

535 

1 

30th     „ 

525 

\  All  perfectly  steady. 

40th     „ 

533 

50th     „ 

525 

i                                • 

60th     „ 

509 

Resistance  still  falling. 
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Jask-Henjam  Cable.     Insulated. 

Put  60  cells  negative  on  for  one  hour  and  a  half  through  a 
galvanometer.  Deflection  perfectly  steady  at  55°  during  the  whole 
time.  Now  threw  off  the  battery  and  observed  the  cable-current : 
1st  minute  it  was  30°  negative,  5th  minute  50^,  10th  minute  60°, 
15th  minute  62°,  and  20th  minute  65° — all  negative. 

Another  time  tested  with  60  cells  negative.  Cable  to  earth  at 
Henjam. 


Time. 

Resistance. 

Remarks. 

Ist  miD. 

555  units 

3rd     „ 

565     „ 

5th     „ 

609     „ 

7th     „ 

598     „ 

9th     „ 

nth    „ 

589    „ 
584    „ 

^  All  very  steady. 

13th     „ 

579    „ 

15th     „ 

572    „ 

20th     „ 

570    „ 

30th     „ 

572    „ 

> 

DISCUSSION. 

Mr.  Alexander  Adams  :  During  a  course  of  experiments  ex- 
tending over  eight  months  I  could  get  no  satisfactory  result  by 
eliminating  the  current  of  the  cable  to  find  out  the  actual  distance 
to  the  fault.  I  tried  the  Lumsden  polar  test,  and,  following  up  that 
method  experimentally,  I  came  to  the  conclusion — first,  that  a  zero 
point  of  polarity  does  occur  and  it  will  last  from  two  to  three 
seconds  ;  second,  that  the  time  occupied  in  depolarising  a  fault  is 
proportionate  to  the  time  occupied  in  polarising  the  exposed  end 
with  a  given  power  ;  third,  that  the  time  occupied  in  depolarising 


892  FAULTS  IN  SUBMARINE  TELEGRAPH  CABLES.     [11th  Not. 

• 

the  exposed  end  is  proportionate  to  the  area  of  the  surface  exposed, 
the  time  of  polarising  and  power  being  equal  in  each  case.  The 
last,  I  think,  is  a  most  important  result,  and  may  probably  account 
for  some  of  the  discrepancies  of  that  test,  according  to  which  the 
approximate  amount  of  surface  exposed  is  obtained,  viz.,  the  differ- 
ences of  resistance  by  10  cells  and  by  60  cells.  For  instance,  if 
you  have  a  cable  broken  which  contains  three  or  four  conductors  you 
clean  the  end  by  a  negative  current.  I  generally  use  10  cells,  and 
keep  the  current  up  for  10  minutes  or  a  quarter  of  an  hour;  then  I 
polarise  with  a  positive  current  from  a  testing  battery  of  40  or  60 
cells  for  one  minute.  I  am  careful  to  mention  the  time,  became 
unless  your  watch  be  in  your  hand  you  are  likely  to  lose  the  result 
Supposing  I  polarise  the  fault  in  one  conductor  for  one  minute  and 
then  reverse  my  battery  to  the  negative  pole,  I  note  the  time 

occupied  in  depolarisation  and  go  through  the 
other  three  conductors,  and  I  find  that  conductor 
which,  with  the  same  time  and  power,  occupies 
the  greatest  time  in  depolarising,  and  has  the  largest 
surface  exposed.  I  think  that  is  important,  because 
it  enables  an  electrician  to  choose  a  conductor  for 
his  test.  As  regards  the  testing  of  the  fault  for 
distance,  I  should  like  to  explain  my  views  on  the 
boai'd.  Supposing  that  A  B  be  the  degrees  of  an 
ordinary  differential  galvanometer  (and  I  always  find  a  differential 
is  best  for  working  in  this  way),  then  z  is  zero  ;  call  A  60'^ 
and  B  60°.  Supposing  you  have  experience  in  this  system  of 
testing,  you  gradually  get  your  reading  in  this  way:  You 
send  a  10-cell  negative  current  for  10  minutes  or  a  quarter  of 
an  hour ;  then,  with  your  watch  at  hand,  reverse  to  the  positive 
poles  of  your  testing  current,  and  after  a  minute,  or  even  30  or  40 
seconds,  reverse  again  to  tlie  negative  pole,  and  your  needle,  which 
by  previous  testing  you  have  brought  to  move  within  readable 
lifnits,  will  leave  A  and  go  over  the  gi-aduated  scale  until  it  makes 
a  slight — a  very  slight— pause  at  say  R;  it  will  then  move  on 
again  and  make  a  pause  of  two  or  tlirco  seconds  at  say  x.  The 
needle  will  then  go  on  again  sh)wly  and  make  a  pause  at  say  y, 
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after  which  it  will  go  across  very  quickly  to  B,  and  no  resistance 
will  prevent  it.  Where  greatest  care  has  been  exercised  as  regards 
time  of  polarising,  I  have  found  that  the  distances  K  x  and  y  x 
are  nearly  equal.  I  have  also  found  that  if  you  get  the  point  x 
over  the  zero  of  your  graduated  scale  capital  results  are  obtainable 
from  it.  Now,  upon  looking  at  the  cable  end  through  a  magnifying 
glass,  as  we  follow  the  needle  over  the  scale,  we  find  that  after 
cleaning  the  end  of  the  cable  with  a  negative  current,  and  then 
sending  a  positive  current  into  the  cable,  we  gradually  get  a  white 
substance  formed  round  the  exposed  end.  We  keep  the  positive 
pole  of  the  battery  on  for  a  minute,  then  we  reverse  to  the  negative 
pole  of  the  battery,  and  gradually  we  find  the  needle  moves  over  to 
R.  If  you  look  at  it  through  a  microscope  you  find  the  white 
chloride  of  copper  has  cracked,  and  falls  fix)m  the  cable  end  bit  by 
bit,  and  as  it  falls  the  needle  gradually  moves  to  x ;  and  just  as  the 
needle  stops  at  x  you  find  that  the  copper  is  quite  clean.  This  is 
its  zero  point,  and  it  can  be  tried  for  distance.  Directly  a  bubble 
rises  from  the  exposed  end  you  find  the  needle  begins  moving 
towards  y,  and  when  the  bubbles  of  gas  completely  envelope  the 
end  you  find  the  needle  starts  quickly  from  y  and  falls  at  once  to 
B.  I  could  not  find  why,  but  I  proved  that  by  over-coating  the 
end  with  chloride  of  copper — by  over-doing  it — the  chloride  would 
crack  before  I  was  ready  and  spoil  my  test.  The  great  thing  is 
to  keep  the  chloride  of  copper  intact  round  the  exposed  end  until 
you  bring  the  negative  current  to  bear  upon  it  The  negative 
testing  current  produces  what  I  suppose  to  be  hydrochloride  of 
sodium.  It  took  me  eight  months  to  find  this,  but  in  five  or  six 
cases  this  test  gave  good  results. 

Mr.  S.  Phillips,  Jun. :  I  am  very  glad,  as  a  member  of  this 
Society,  that  this  important  question  has  been  started,  if  only  it 
will  enable  us  to  have  the  advantage  of  hearing  some  remarks 
upon  it  from  Mr.  Latimer  Clark  and  other  gentlemen  present.  I 
have  no  doubt  we  shall  all  be  much  obliged  to  Mr.  Fahie,  but,  with 
reference  to  the  paper  itself,  I  do  not  think  the  author  has  brought 
forward  anytliing  new  or  particularly  instructive.  In  fact  he 
appears  to  me  to  have  gone  to  some  trouble  to  devclope  facts  which 
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I  presume  are  pretty  well  known  and  generally  appreciated  at  all 
events  by  the  members  of  this  Society.  For  instance,  he  takes 
pains  to  prove  that  the  current  from  a  faulty  cable  is  not  alwap 
positive  and  steady.  I  find  a  statement  to  that  effect  in  Culley's 
Handbook  of  Telegraphy;  but  he  speaks  there  of  the  currents 
coming  from  the  fault  pure  and  simple,  and  does  not  mix  them  np 
with  earth-currents  in  any  way  whatever ;  but  one  would  scarcely 
be  justified  from  this  in  going  to  the  end  of  a  faulty  cable  and 
always  expecting  a  positive  current  to  be  flaming  out.  Mr.  Fahie 
rather  seems  to  have  mixed  this  matter  up,  and,  judging  ftt)m  the 
context,  does  not  appreciate  the  fact  that  currents  coming  from  a 
faulty  cable  would  in  most  cases  be  due  to  two  causes.  First— 
Earth-current  due  to  a  difference  of  potential  between  the  t^o 
points  on  the  earth's  surface,  and,  secondly — The  current  due  to 
the  electromotive  force  of  the  fault  itself.  These  two  forces  may 
either  coincide  or  oppose  each  otlier.  Mr.  Fahie  then  comes  to 
ihe  conclusion  that  it  is  necessary  to  eUminate  the  cable-current. 
This  is  in  itself  a  wise  conclusion,  but  I  fancy  everyone  had  long 
ago  come  to  that  opinion ;  in  fact,  all  the  tests  that  exist  endeavour 
to  do  this  more  or  less,  and  the  real  question  seems  to  be— does 
Mr.  Fahie  do  this  bettor  than  has  been  done  ?  In  Mr.  Culley's 
book  there  is  a  very  simple  statement  as  to  the  mode  of  testing  a 
fault.  He  says  it  should  first  be  polarized  with  a  copper-current, 
which,  we  will  assume,  produces  a  deflection  to  the  light  when  the 
cable  is  joined  through  a  galvanometer  to  earth  ;  then  at  short 
intervals  apply  a  zinc-current ;  after  each  of  which  the  cable- 
current,  due  to  tlie  original  polarization  set  up  by  the  copper- 
current,  will  become  less  and  less,  until  the  battery  at  the  fitult 
becomes  inert,  and  at  that  moment  the  measurement  is  made. 
Now,  quite  disregarding  other  and  later  methods,  what  more  than 
this  does  Mr.  Fahie  do  ?  Mr.  Culley  certainly  does  not  tell  you  to 
put  in  another  galvanometer,  probably  because  he  could  as  easily 
see  if  the  line  was  neutral  by  the  one  in  use.  Neither  does  he  tell 
you  to  depend  upon  the  first  rush  of  the  current  Mr.  Fahie 
probably  had  about  76  miles  of  cable  between  him  and  the  fiwilt; 
and,  when  we  consider  the  large  inductive  capacity  of  so  long  a 
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circuit,  it  certainly  does  seem  strange  that  he  should  have  obtained 
such  good  results  while  adjusting  his  balance  to  the  first  rush  of 
the  current     With  most  galvanometers  a  violent  tlirow  of  the 
needle  would  have  been  the  result,  and  the  only  reason  I  can 
suggest  why  this  did  not  occur  is  that  the  inertia  of  his  galvano- 
meter needle  must  have  been  considerable ;  had  he  worked  with  a 
lighter  needle  I  feel  sure  he  would  have  met  with  considerable 
embarrassment,  even  on  a  much  shorter  circuit  than  76  miles. 
Mr.  Faliio  however  speaks  of  a  circuit  of  150  miles  being  likely  to 
cause  some  trouble  in  this  respect,  and  says  he  is  investigating  the 
matter,  so  he  will  probably  enlighten  us  further  on  some  future 
occasion ;  this  point  however  raises  the  difficulty,  that  two  persons 
testing  the  same  fault  with  different  galvanometers  may  from  this 
cause  alone  get  widely  different  results.     We  must  also  recollect 
that  the  fault  which  Mr.  Fahie  was  dealing  with  was  rather  a 
simple  case,  being  evidently  a  very  large  one,  and  one  which  I 
imagine  would  have  given  results  with  an  ordinary  reversal  test, 
taken  with  care,  quite  as  near  as  those  he  obtained. 

Mr.  J.  R.  France  :  I  can  endorse  what  Mr.  Phillips  has  said. 
It  seems  to  me  the  matter  Mr.  Fahie  has  brought  before  us  is  such 
a  simple  one,  that  if  we  had  faults  of  that  low  resistance  I  think 
most  electricians  would,  irrespective  of  the  ordinary  mode  of  testing 
by  the  bridge  or  differentially,  use  Blavier's  method,  which  would  be 
so  certain,  or  nearly  certain,  in  such  a  case  that  it  would  be  scarcely 
worth  while  trying  any  other.  It  appears,  in  fact,  that  he  obtained 
by  that  formula  490-5  units,  whereas  the  fault  was  493  units.  I 
wish  we  could  always  arrive  at  results  as  close  as  that.  Mr.  Adams 
was  speaking  of  the  Lumsden  method,  which  I  think  most  highly 
of,  and  I  would  say,  where  one  has  the  opportunity  of  testing  a  broken 
cable,  the  results  will  be  found  exceedingly  correct,  and  I  think 
it  is  a  method  that  ought  to  be  followed  as  much  as  possible  by 
electricians.  With  a  multiple  cable,  my  own  mode  of  procedure 
was  always  to  find  a  wire  that  gave  the  highest  resistance.  I  sealed 
the  end  of  that  wire,  and  by  tolerably  close  observation  I  found  the 
inductive  capacity.  This  was  about  the  finest  test  1  could  get  for 
multiple  cables.     In  point  of  fact,  in  a  single  wire  cable,  I  should 
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not  dream  of  testing  by  the  latter  metliod,  as  the  exposed  copper  is 
then  too  valuable  to  admit  of  its  being  destroyed ;  but,  when  you 
have  several  wires,  it  is  of  great  advantage  to. have  the  induction 
test  to  verify  the  resistance  test. 

Mr.  W.  BL  Preece  :  I  think  the  paper  just  read  is  a  very  proper 
one  for  this  Society ;  in  point  of  fact  it  fulfils  one  of  the  objects  for 
which  the  Society  was  instituted,  viz.,  that  those  situated  in  distant 
places  might  have  an  opportunity  of  laying  before  their  brethren  in 
the  profession  at  home  facts  that  come  under  their  knowledge.  We 
cannot  expect  everybody  to  know  ever3rthing,  nor  can  we  imagine 
a  gentleman  situated  almost  at  the  confines  of  the  earth,  as  Persia, 
to  be  acquainted  with  all  that  is  being  done  on  our  own  shores. 
When  we  find  a  young  man  like  Mr.  Fahie  devoting  his  time  and 
energy  to  the  promotion  of  practical  questions  like  this,  we  ought 
to  hail  his  paper  with  great  pleasure  and  give  the  writer  of  it  aD 
the  support  we  can.  The  facts  he  adduces  are  very  few,  but  they 
are  brought  before  us  clearly.  They  arc  not  all  new  as  we  know, 
still  there  are  one  or  two  facts  that  are  so.  In  the  conception  and 
drawing  up  of  his  paper  he  has,  however,  committed  an  error 
principally  in  the  use  of  terms.  The  author  speaks  of  the  difierent 
currents  sometimes  as  cable-currents,  sometimes  as  earth-currents, 
evidently  confusing  the  two.  He  is  not  the  only  one  who  makes 
tliis  mistake,  and  1  will  try  and  show  you  what  these  different  cur- 
rents really  are.  Great  confusion  is  introduced  by  speaking  of 
cmTents  as  either  positive  or  negative,  and  implying  thereby  two 
distinct  and  separate  kinds  of  currents.  We  must  not  forget  this 
fact,  that  tliere  is  only  one  current,  which  simply  varies  in  direction, 
and  that  the  terms  positive  and  negative  have  reference  simply  to 
this  direction  with  respect  to  one  position.  In  one  portion  of  the 
paper  the  author  mentions,  that,  to  overcome  the  positive  current 
in  the  case  which  he  calls  the  cable  current,  he  applied  to  the  line 
a  positive  pole.  You  would  assume  from  that  he  was  applying  the 
same  kind  of  current,  but  in  point  of  fact  he  applies  the  reverse, 
that  is,  a  current  flowing  in  a  different  direction. 

Supposing  a  cable  broken  and  its  ends  exposed,  the  current  set 
up  is  a  current  formed  by  elements  which  consist  of  the  iron  sheath 
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of  the  cable,  the  water  of  the  sea,  and  the  copper  of  the  conductor. 
The  copper  end  is  the  positive  pole,  and  the  current  is  assumed  to 
flow  from  this  copper  pole  through  the  cable  to  the  position  of 
observation  where  it  is  said  to  be  a  positive  current  jfrom  the  cable. 
If  now  you  apply  the  positive  pole  of  the  battery  to  the  cable  at 
the  point  of  observation  the  current  is  assumed  to  flow  into  the 
cable.  Hence  it  is  said  to  be  a  positive  current  goin^  into  tlio 
cable.  Therefore,  these  two  so-called  positive  currents  are  opposite 
in  kind  to  each  other. 

Hence  you  see  how  the  indiscriminate  use  of  these  terms  at 
once  leads  to  confusion.  This  short  preliminary  explanation  will 
probably  make  you  comprehend  more  thoroughly  the  plan  which 
Mr.  Fahie  adopted  as  stated  in  page  6  of  the  paper,  where  he 
says :  "  My  method,  then,  consists  briefly  in  first  eliminating  tho 
cable-current,  whether  it  be  positive  or  negative,  and  then  taking, 
while  the  cable  is  free,  a  simple  resistance  test  with  the  bridge  in 
the  manner  to  be  presently  described.  The  cable-current  is  elimi- 
nated by  sending  into  the  line  a  current  of  the  opposite  sign  to 
that  coming  from  it,  and  arranging  the  strength  and  duration  of 
this  current  to  suit  the  strength  of  the  one  from  the  cable."  Now, 
there  are  variations  in  the  character  of  the  currents  that  are  met 
with  in  a  broken  cable,  and  there  are  variations  in  the  resistance 
which  the  end  of  the  broken  cable  gives.  There  is  no  point  con- 
nected with  the  testing  of  cables  which  causes  Telegraph  Engineers 
so  much  anxiety  and  trouble  as  to  account  properly  for  the  resist- 
ance of  the  ends.  In  the  first  place  we  meet  with  earth-cun*ents, 
those  mysterious  currents  which  are  due  to  causes  not  yet  unravelled, 
currents  that  vary  in  direction  and  strength,  and  which  are  very 
rarely  absent  from  a  cable,  and  which,  whenever  a  cable  is  tested, 
must  be  eliminated  or  allowed  for.  in  some  way  or  other.  We  have, 
in  the  second  place,  those  currents  of  polarisation  which  are  currents 
set  up  by  the  electrolytic  action  of  the  testing  current  itself  at  the 
end  of  the  cable. 

In  the  case  of  the  exposed  end  of  a  broken  cable,  the  application 
of  a  current  to  the  conductor  of  the  cable  decomposes  the  chloride 
of  sodium,  which  is  the  principal  constituent  of  sea-water,  and  it 
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tlius  causes  chlorine  to  bo  evolved  when   the  current  is  in  one 
direction,  and  sodium  when  in  the  other  direction. 

This  electrolytic  action  sets  up  currents  of  polarisation  at  the 
exposed  end  which  diflPer  in  direction  to  the  primary  current,  and 
thus  disturb  its  strength.  A  third  cause  of  disturbance  is  the 
cable-current,  properly  so  called,  which  is  set  up  by  the  copper  of 
the  conductor  and  the  iron  of  the  sheath.  We  have  further 
the  disturbing  effect  due  to  the  variation  of  the  resistance  at  the 
fault,  that  is,  the  resistance  of  the  material  that  surrounds  the 
fault  In  the  case  of  a  partial  fault  it  would  be  the  resistance 
of  the  insulating  compound,  and  in  the  second  place  there  wonld 
be  the  resistance  of  the  deposit  formed  by  the  decomposition  of  the 
matter  surrounding  the  fault.  Now,  these  being  the  causes  of 
disturbance,  how  are  they  to  be  eliminated  ?  It  is  said  that  these 
currents  of  polarisation,  earth-currents  and  cable-currents,  vary 
the  resistance  of  the  fault  But  it  must  be  distinctly  understood 
that  the  variation  of  resistance  is  apparent  only.  These  disturbing 
injQuences  introduce  into  the  measuring  apparatus  electromotiTe 
forces  that  upset  the  balance.  The  balanced  currents  in  the  case  of 
the  differential  galvanometers,  for  instance,  are  not  equal.  The 
one  current  going  to  line  is  aided  or  opposed  by  the  other  distnib- 
ing  currents,  so  that  in  point  of  fact  the  difference  of  resistance  is 
apparent  only,  and  is  simply  due  to  the  balance  being  upset 

Now,  how  is  this  to  be  remedied  ?     The  best  and  simplest  way 
to   eliminate   the   errors  introduced   by  earth-currents   or  cable- 
currents  is  to  make  the  deflection  caused  by  the  earth-current  the 
zero  of  the  galvanometer.     In  the  differential  galvanometer  you 
have  simply  to  make  the  deflection  produced  by  earth-currents  the 
zero  and  then  measure  up  to  that.    Approximately  correct  results 
are  obtained  also  by  taking  an  average  of  positive  and  negative 
measurements.   Formulae  are  also  given  by  means  of  which  approxi- 
mately accurate  results  are  easily  obtained,  so  that  in  case  of  earth- 
currents  and  in  case  of  cable-currents  there  is  little  necessity  to 
adopt  measures  like  those  adopted  by  Mr.  Fahie.     But  when  we 
come  to  the  case  of  currents  of  polarisation  it  is  a  different  matter, 
and  unless  you  have  considerable  skill  and  practice  it  is  almost 
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impossible  to  get  exact  results.  Of  all  the  methods  introduced 
there  is  none  tliat  I  know  of  that  gives  more  exact  results  than 
that  which  is  known  as  Lumsden's.*  It  is  now  based  upon  a 
purely  scientific  fact,  and  one  that  with  patience  and  skill  must  lead 
to  accurate  results.  It  is  simply  this :  when  a  positive  current  is 
sent  into  the  cable  the  electrolytic  action  covers  tlie  exposed  ends 
with  chloride  of  copper.  When  a  negative  current  is  sent  into  the 
cable  the  exposed  end  is  covered  with  hydrogen,  and  the  current 
of  polarisation  in  the  first  case  is  the  reverse  to  that  set  up  in 
the  second.  If  you  apply  a  positive  current  to  the  cable  you  coat 
the  end  with  chloride  of  copper,  and  if  then  you  apply  a  negative 
current  the  chloride  of  copper  is  first  driven  ofi^,  and  then  hydrogen 
forms  itself  upon  the  copper.  There  is  an  instant  when  the  exposed 
end  itself  is  in  a  clear  state ;  when  there  is  neither  chloride  of  copper 
nor  hydrogen  it  is  in  a  neutral  state,  just  upon  a  balance  between 
the  two;  Mr.  Lumsden  seizes  upon  that  moment  and  obtains 
thereby  exact  results. 

The  last  method  I  will  refer  to  is  that  method  of  cleaning  tlio 
end  which  is  described  by  Mr.  Culley  in  his  book,  and  it  is  indeed 
something  analogous  to  that  which  Mr.  Fahie  has  practically  dis- 
covered. Mr.  Fahie's  method  appears  to  be  simply  this  :  If  there 
is  an  earth-current  in  the  cable,  he  sets  up  a  current  of  polarization 
of  just  the  proper  strength  to  destroy  it,  and  thereby  to  neutralise 
its  disturbing  influence. 

Currents  of  polarisation  developed  themselves  as  elements  of 
disturbance  very  early  in  the  days  of  submarine  telegraphy.  Mr. 
Latimer  Clark  and  I  spent  many  days  on  the  rocks  of  Jersey  in 
1858  in  unravelling  their  cause  and  origin,  and  it  is  to  be  regretted 
that  no  Society  existed  in  those  days  to  receive  the  results  of  our 
experiments  and  inquiries. 

Mr.  Alex.  Adams  :    With  regard  to  Lumsden's  test,  I  have 

•  This  method  is  fully  described  in  Culley's  "  Handbook  of  Practical  Telegraphy," 
Cth  edit,  sec.  498,  et  seq.  It  was  first  applied  by  Mr.  Lnmsden  in  August  1867, 
but  it  appears  from  some  correspondence  with  Mr.  Clark  that  Mr.  Laws  had 
previously  dereloped  the  same  method  in  Aden  in  1862,  and  had  constantly  used  it 
from  that  date. 
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found  in  my  experiments  that  the  point  which  he  takes  as  zero  is 
not  the  zero  point,  but  it  is  past  it  Tou  will  find  there  are  three 
apparent  zeros,  viz.,  the  first  K,  the  centre  ^,  then  the  next  y, 
and  it  is  the  last  which  Lumsden  takes  as  his  zero.  I  think  that 
will  be  found  to  be  a  mistake. 

Professor  W.  G.  Adams,  F.R.S.  :  In  testing  cables  by  the 
Wheatstone's  bridge  method,  Mr.  Fahie  seems  to  have  taken  his 
resistances  A  and  B  equal  to  one  another  (see  Gg.)^  ^^^  ^  ^^^^ 
determined  his  insulation  resistances  on  the  supposition  that  the 
resistances  of  the  cable  and  of  his  resistance  R  are  equal,  even 
when  there  may  be  an  earth-current  or  polarization-cnrrent  on  the 
cable  at  the  time. 

This  of  course  will  not  be  true,  and  hence  it  is  the  usual  plan  to 
create  counter  disturbances  in  the  cable  to  balance  the  earth-cur- 
rents, in  which  case  the  resistance  of  cable  and  fault  is  equal  to  the 
resistance  R  When  the  earth-currents  are  balanced  or  balance 
one  another  throughout  the  length  of  the  cable,  and  not  only  at 
the  testing  end,  this  will  be  strictly  true ;  but,  seeing  that  there  is 
great  difficult)'  in  bringing  the  cable  to  a  state  of  comparatiTe 
calm,  I  would  ask  practical  men  whether  it  is  not  possible  to 
determine  the  resistance  of  a  cable  by  measuring  the  earth-current 
and  comparing  it  with  the  current  employed  to  charge  the  cable. 

With  Mr.  Fahie's  arrangement,  as  shown  in  the  diagram,  if  Q 
be  the  current  from  the  battery  into  the  cable,  and  q  an  earth- 
current  into  the  cable  in  the  same  direction,  and  7  the  resistance  of 
the  cable,  then  by  Ohm's  law 

q  and  Q  will  be  directly  proportional  to  the  potential  at  the  testing 
end  immediately  before  and  on  charging  the  cable,  and  so  their 
ratio  may  be  readily  measured. 

I  would  also  ask  whether,  in  practice,  the  position  and  resistance 
of  a  fault  in  a  line  or  cable  may  not  be  readily  found  without 
employing  the  Wheatstone's  bridge  method,  by  determining  the 
strength  of  currents  or  the  potential  at  both  ends  of  the  line  or 
cable  when  a  charge  is  given  to  it. 
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According  to  Ohm's  law  it  should  bo  easy  to  find  how  far  the 
fault  is  from  the  middle  of  the  line  by  comparing  the  effects  of  the 
fault  on  instruments  at  both  ends  at  the  same  time.  A  fault  will 
increase  the  amount  of  the  charge  on  a  line  at  the  charging  end, 
but  the  further  off  a  fault  is  from  the  charging  station  the  less  will 
be  the  effect  of  that  fault  in  increasing  the  amount  of  the  charge 
given  to  the  line.  The  charge  produced  by  a  fault  on  the  instru- 
ments at  the  receiving  station  will  be  gr*eatest  when  the  fault  is  in 
the  middle  of  the  line,  and  when  a  fault  of  the  same  resistance  is 
at  ^ual  distances  from  either  end  of  the  line  the  charges  pro- 
duced by  it  at  the  receiving  station  will  be  equal  to  one  another. 
Whatever  be  the  resistance  of  a  fault,  if  it  occur  exactly  in  the 
middle  of  the  line,  the  charges  at  the  two  ends  are  altered  by 
the  same  amount;  one  is  increased  by  as  much  as  the  other  is 
diminished,  so  that  the  mean  of  the  two  charges  at  the  two  ends  of 
the  line  is  equal  to  the  mean  of  the  charges  given  by  the  same 
battery  when  there  is  no  fault  in  the  line. 

If  we  call  Q  the  charge  when  the  line  is  perfect,  and  Q^  Q^  the 
charges  at  the  charging  and  at  the  receiving  end  respectively, 
Ti  and  rg  the  resistances  of  the  two  parts  of  the  line,  and  a:  the 
resistance  of  the  fault, 

then  Qi  ^  (n  +  >•«)  ir,  +  •")     (j_) 

and  ^=   -'^1+4^^-     (ii.) 

Sothat  %k-^  =  J- X  (rL±pI%±4^>, 

2Q  2       r^rg  +  (rj  +  rjj)  j: 

which  becomes  equal  to  1  when  r^  =  rg,  whatever  be  the  value 
of  X. 

The  values  of  r^,  r^,  and  x  are  given  from  these  equations  when 
Q,  Qj,  and  Q^,  and  the  total  resistance  of  the  faultless  line  are 
known. 

The  Chairman  :  I  will  first  reply  to  the  remarks  of  Professor 
Adams  as  well  as  I  can.  The  formula  which  takes  into  account 
the  eflbct  of  the  earth-currents  at  either  end  of  a  line   is  well 
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known,  and  is  published  in  electrical  works,  but  it  is  not  commonly 
used  in  practice ;  one  of  the  chief  reasons  being  that  it  is  found 
impossible  to  get  earth-currents  to  remain  steady  for  even  two  or 
three  minutes  together. 

The  other  proposition  seems  to  me  deficient  in  not  taking  account 
of  the  varying  potential  of  the  fault  itself  and  the  currents  entering 
or  leaving  the  line  at  the  fault,  the  amount  of  which  you  do  not 
know,  and  this  complicates  the  calculation  for  the  position  of  the 
fault  But  the  plan  of  measuring  the  position  of  a  fault  by  the 
potential  at  the  two  ends  has  been  broached  both  by  Sir  William 
Thomson  and  myself,  and,  by  using  batteries  of  absolute  uni- 
formity of  potential,  he  believes  he  is  able  to  make  au  acurate  test 
of  the  position  of  the  fault. 

I  now  come  to  the  paper.  The  subject  broiight  before  us  in  the 
paper  to-night  I  think  is  one  of  the  greatest  importance  to  tele- 
graphy. We  all  know  and  must  at  once  see  how  important  it  is  in 
lifting  a  cable  for  a  fault,  to  know  exactly  where  the  fault  is.  It 
is  a  subject  worthy  the  attention  of  this  meeting,  and  I  hope  Mr. 
Fahie's  contribution  (which  is  an  excellent  one)  will  induce  others 
to  make  experiments  in  the  same  direction,  and  will  lead  to  other 
communications,  or  to  a  complete  treatise,  on  the  testing  of  fruits 
ill  cables,  for  we  have  only  touched  upon  the  fringe  of  the  subject 
to-night.  I  do  not  know  a  more  pleasing  or  instructive  experi- 
ment, than  to  take  a  bucket  of  sea-water,  and,  having  made  an 
artificial  fault  in  a  piece  of  cable  by  making  a  clear  section  of  the 
end  of  the  wire,  to  send  positive  and  negative  currents  through  the 
exposed  ends  of  the  wire,  and  to  watch  under  a  microscope  the 
changes  that  take  place  simultaneously  with  their  measurement  by 
the  galvanometer.  You  see  clearly  everything  that  is  going  on. 
By  putting  on  a  positive  current,  you  coat  the  copper  with  a  grey 
or  dark  sub-chloride  of  copper,  and  you  increase  the  resistance  by 
polarising  the  fault  In  this  state  the  fault  tends  to  return  a  stnmg 
positive  current  in  opposition  to  your  own.  By  reversing  the 
current  you  clear  off  tho  deposit  from  the  copper,  and  you  see  the 
bright  metallic  copper  appear,  and  at  this  instant,  when  the  copper 
becomes  clean,  the  polarisation  becomes  zero,  and  the  reaistanoe  is 
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at  the  lowest,  and  you  get  the  neai'est  measure  of  the  true  position 
of  the  fault.  After  this  the  resistance  again  increases,  and  the 
polarisation  is  reversed.  This  is  a  very  instructive  experiment, 
which  every  student  of  submarine  telegraphy  should  often  witness 
for  himself.  There  is  an  intermediate  moment  when  the  copper 
is  bright  and  clean,  and  when  the  resistance  is  at  the  lowest  point, 
and  the  fixing  of  this  point  is  what  is  called  Lumsden's  method, 
and  it  is  one  of  the  most  usefiil  ways  of  determining  the  real 
resistance  of  the  conductor  and  fault.  I  am  sorry  Mr.  Laws  is  not 
here  to-night,  for  he  could  not  only  have  given  us  some  valuable 
information  on  the  subject,  but  he  might  have  thrown  some  light  on 
its  history.  I  confess  it  surprised  me  to  hear  that  method  described 
as  Mr.  Lumsden's.  I  do  not  know  when  it  was  introduced  bj' 
him,  but  in  April,  1862,  I  was  in  the  Indian  Ocean  with  Mr. 
Laws,  and  we  certainly  tested  for  faults  by  reversing  the  current, 
and  finding  out  the  point  of  least  resistance,  both  practically 
at  sea,  and  in  the  testing-room  with  a  microscope,  as  I  have  just 
described. 

Mr.  Fahie's  plan  and  principle  appear  to  my  mind  good.  I 
think  his  system  is  a  more  scientific  one  than  Mr.  Laws'  or  Mr. 
Lumsden's,  and  is  a  distinct  improvement  on  them.  He,  as  Mr. 
Preece  described  it,  actually  brings  the  cable  for  a  moment  into  a 
neutral  state,  and  must  therefore  get  the  resistance  of  the  cable  and 
fault  more  accurately  than  by  any  other  method.  Mr.  Fahie,  in 
his  remarks  on  my  method  of  estimating  the  resistance  of  a  fault, 
by  using  two  battery  powers  of  diffierent  potentials,  points  out  that 
the  variation  is  due  not  to  actual  differing  resistances  of  the  fault, 
but  to  changes  of  polarity ;  he  has  in  this  made  a  very  useful 
observation,  and  has,  I  think,  shown  the  correct  cause  of  the  varia- 
tion. But  I  still  consider  that  this  method  is  a  useftil  one  for 
determining  whether  the  fault  in  a  cable  is  a  small  one  or  a  large 
one.  The  error  I  committed  was  not  in  stating  the  facts  but  in 
using  the  words  1  did,  which  were,  "the  resistance  of  a  small 
fieiult  is  much  greater  with  a  low  battery  power,  say  of  five  cells,  than 
with  a  higher  power,  say  fifty  cells ;  but  if  the  fault  be  a  large  one  tlio 
resistance  will  be  more  nearly  equ;d,  and,  if  a  very  great  length  of 
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copper  be  exposed,  the  resistance  will  be  the   same  with  both 
powers." 

I  ought  to  have  said  the  apparent  resistance.  I  am  very  mucli 
pleased  with  Mr.  Fahie's  paper,  and,  as  Mr.  Preece  truly  says,  it  is 
a  class  of  communication  which  we  are  most  anxious  to  encourage. 
We  are  most  desirous  to  obtain  both  the  practical  experience  and 
the  ideas  of  persons  placed  in  official  positions  like  Mr.  Fahie,  and 
to  have  the  results  of  their  observations  brought  before  us  for  the 
benefit  of  the  whole  profession.  I  therefore  feel  that  this  meeting 
ought  to  record  its  high  sense  of  the  value  of  this  paper  by  passing 
a  vote  of  thanks  to  Mr.  Fahie,  which  I  have  now  great  pleasure  in 
proposing. 

The  Meeting  then  adjourned. 
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The  Twenty-ninth  Ordinary  General  Meeting  was  held  on  Wednes- 
day, the  25th  November,  1874,  Sir  William  Thomson, 
President,  in  the  Chair. 


The  following  paper  was  read — 

EARTH-BORma  FOR  TELEGRAPH  POLES. 

By  John  Gavby,  M.S.T.E. 

In  the  present  age,  when  labour  is  daily  becoming  more  costly, 
and  labour-saving  appliances  are  gradually  superseding  mere 
physical  strength  in  all  mechanical  operations,  it  may  be  well  to 
inquire  what  improvements  have  been  introduced  with  the  object  of 
reducing  the  expenditure  of  manual  force  in,  and  the  cost  of,  the 
erection  of  telegraph  poles. 

The  old  method  of  digging  a  post-hole  by  means  of  a  spade  and 
pickaxe  is  so  well  known  as  to  need  but  a  very  brief  description. 

A  rectangular  opening  is  made  in  the  ground,  the  length  averag- 
ing about  4  feet  by  a  width  of  2  feet  These 
dimensions  are  continued  to  a  depth  of  some 
2 '5  feet,  whence,  by  a  step-like  arrangement,  the 
length  of  the  hole  is  gradually  shortened,  until  at 
the  bottom  it  does  not  exceed  one  foot.  This  is 
illustrated  in  the  accompanying  sketch.     (Fig.  1.)  ^g-  l 

Li  comparing  this  system  with  liew  and  improved  means,  it 
becomes  necessary  to  consider  what  is  the  average  number  of  holes 
that  can  be  dug  by  one  man  per'  day.  And  here  it  may  be  men- 
tioned that  the  enormous  impetus  that  has  within  the  last  few  years 
been  given  to  telegraphy  in  its  broadest  sense,  by  various  causes 
which  it  is  unnecessary  to  consider  at  present,  has  caused  the  average 
dimensions  of  telegraph  poles  to  be  considerably  increased;  the 
depth  of  the  pole-holes  and  consequent  cost  of  erection  being  of 
course  correspondingly  greater. 

Some  years  ago  a  pole  24  feet  long,  by  5  inches  diameter  at  the 
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top,  was  considered  a  fair  length  for  a  main  line.  Now,  lengths  of 
28  and  30  feet,  with  a  minimum  diameter  of  6  inches  at  the  top,  are 
as  a  rule  adopted. 

Tlie  depth  at  which  it  is  customary  to  plant  telegn^h  poles  may 
roughly  be  considered  to  vary  from  4  feet  6  inches  for  a  pole 
24  feet  long,  to  5  feet  6  inches  for  one  28  or  30  feet;  6  feet  seniiig 
up  to,  say,  40  feet,  and  7  feet  for  any  height    - 

Now,  the  number  of  pole-holes  which  an  ordinary  labourer, 
accustomed  to  the  work,  will  dig  in  a  working  day  of  ten  hours 
will  obviously  depend  on  the  depth  which  he  has  to  reach  and 
the  soil  in  which  the  poles  have  to  be  planted.  We  may  as- 
sume, as  before  indicated,  that  the  average  depths  will  vary  from 
4  feet  6  inches  to  5  feet  6  inches,  and  the  soils  may  conveniently 
be  divided  into — 1st,  clay;  2nd,  ordinary  soil,  requiring  some  use 
of  the  pickaxe  ;  3rd,  hard  gravel ;  4th,  chalk ;  and  5th,  rock. 

It  may  be  taken  as  the  result  of  experience  that  the  average 
number  of  holes  which  a  workman  will  dig  in  10  hours  is  repre- 
sented in  the  following  table: — 


• 

No.  of  holes  per  day. 

Soil. 

4  feet  6  inches  deep.       i     6  feet  6  inches  deep. 

Clay 

Digging  Soil      .     .     . 
Hard  Gravel .... 

1 

6                                   5 
5                                   4 
4                   ,                3  to  3i 

Chalk  and  rock  may  for  the  present  be  left  out  of  consideradon. 
For  these  there  appears  no  alternative  but  the  pick-axe,  bar,  spade, 
and,  occasionally,  blasting. 

The  digging  of  a  pole-hole  4  feet  6  inches  deep  may  be  said  to 
involve  the  removal  of  30  cubic  feet  of  soil,  which  will  represent  a 
weight  varying  from  2,850  lbs.  to  3,600  lbs.  according  to  the  nature 
of  the  soil ;  whilst  one  5  feet  6  inches  deep  will  contain  44  cubic 
feet,  with  a  weight  of  from  4,180  lbs.  to  5,280  lbs.  This  allows 
for  the  stop-like  manner  in  wliich  such  a  hole  is  generally  dug. 
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It  will  of  course  be  obvious  that  the  most  ready  means  of  dimi- 
nishing the  labour  involved  by  these  operations  will  be  the  reduc- 
tion of  the  size  of  the  hole  ;  for  we  actually  require  but  a  cylindrical 
space,  varying  from  10  to  14  inches  in  diameter,  with  an  average 
cubical  content  of  3*5  feet,  and  a  weight  of  materials  of  376  lbs. 
for  a  4  feet  6  inch  hole ;  the  contents  of  one  5  feet  6  inches  deep 
being  taken  at  4*3  cubic  feet,  weighing  460  lbs. 

Perhaps  the  earliest  attempt  in  this  direction  was  made  in  Spain, 
where  an  instrument  since  known  as  a  "  Spanish  spoon "  was 
introduced.  This  was  reported  to  have  worked  very  successfully. 
It  may  be  said  to  have  consisted  of  a  section,  or  arc,  of  a  circular 
metal  disc ;  the  chord  of  the  arc  forming  a  cutting  edge.  The 
periphery  of  the  disc  was  provided  with  a  ledge  about  2  inches 
high,  to  retain  whatever  might  accumulate  on  its  surface,  and  the 
whole  was  fixed  at  right  angles  to  a  long  handle.  To  dig  a  hole 
with  this  machine,  the  soil  was  first  loosened  by  means  of  a  long 
bar,  and,  the  machine  being  inserted,  a  circular  or  rotaiy  motion 
was  imparted  to  it,  by  means  of  its  handle,  whereby  the  loosened 
soil  was  accumulated  on  its  surface  and  removed  from  the  hole. 

A  similar  instrument  was  tried  in  this  country,  but  the  results 
obtained  were  not  so  satisfactory  as  was  expected. 

The  average  speed  with  which  a  pole-hole,  varying  from  4  feet 
to  4  feet  6  inches,  was  dug,  did  not  exceed  that  of  the  ordinary 
method;  but  of  course  an  advantage  was  presented  by  the  new 
system  in  the  additional  solidity  of  the  pole  when  erected,  and  in 
the  diminution  of  the  quantity  of  soil  which  had  to  be  filled  and 
rammed  in.  It  was  observed  that  after  a  depth  of  about  3  feet  6 
inches  had  been  reached  the  difficulty  of  loosening  and  collecting 
the  soil  appeared  to  increase,  and  the  speed  of  working  to  decrease, 
as  the  square  of  the  additional  depth,  so  that  the  plan  did  not  at 
that  time  promise    much   success  with  deeper  holes  for   heavy 

timber. 

Various  modifications  in  the  form  of  the  spoon  have  been  intro- 
duced with  more  or  less  success  ;  but  the  principle  of  all  forms  of 
this  apparatus  is  tlie  same,  namely,  loosening  the  soil  with  a 
suitable  bar,  and  collecting  and  raising  to  the  surface  the  debris 
thus  broken  away. 
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The  most  marked  improvement  in  the  method  of  opening  holes 
for  telegraph  poles  appears  to  hare  been  the  introductioD  of  eartii- 
borers,  amongst  which  raaylje  mentioned  those  invented  by  Spiller, 
by  Marshall,  and  by  Bohllcen. 

In  most  soils  these  instruments  obviate  the  necessity  of  breaking 
up  and  loosening  the  materials  with  a  bar,  and  moreover  they 
collect  the  debris  with  much  greater  facility  tlian  is  possible  with  t 
Spanish  spoon. 

Spiller's  borers  may  be  described  aa  a  huge  modification  of  the 
old-fashioned  ship's  auger.  It  consists  of  a  plate  of  sheet  iron, 
bent  into  the  form  of  a  semi-cylinder,  attached  vertically  to  a  loog 
handle.  At  the  lower  extremity,  and  at  right  angles  to  it,  are  two 
quadrants  of  sheet-steel,  one  slightly  bent  downwards,  which  forms 
the  cutting  plate ;  the  other,  which  occupies  the  second  half  of 
the  semi-eylinder,  is  bent  upwards,  and  serves  to  retain  the  debris 
as  it  is  cut  up  by  the  lower  plate. 

tlarshairs  borer  is  thus  described  in  his  specification : — 
"  The  auger  blade  is  made  of  a  flat  plate  or  disc  of  metal,  severed 
in  a  radial  direction  from  the  centre  or  boss,  on  which  the  blade  i) 
carried,  to  the  circumference,   the  two  ends  of  the   blade  thus 
formed  being  bent  apart  of  a  V  form  in  edge  view.     The  edge  or 
point  which  is  bent  downwanU 
or  projects  from  the  lower  snriace 
of  the  blade  forma  the  cutdiig 
edge,  the  earth  removed  thereby 
on  the  rotation  of  the  auger  pass- 
ing through  the  radial  opening 
between  the  two  ends  on  to  the 
.  upper  snr&ce  of  Uie  plate,  whence 
it  is  removed  from  time  to  time 
by  raising  the  auger.    The  anger 
or  blade  is  fixed  at  right  angles 
on  its  shank  or  stock,  which  is 
formed  with  a  squared  end  to 
^*-^'  receive  the   boss   of  the  blade. 

The  latter  is  secured  by  a  tapering  metel  point  screwed  on  to  the 
extremity  of  the  stock.      The  point  is  provided  with  a  qni<4 
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spiral  groove  or  grooves,  to  form  a  rimer  for  the  purpose  of  drilling 
a  hole  in  advance  of  the  boss  of  the  auger,  and  so  facilitate  the 
penetration  of  the  latter.  The  stock  of  the  auger  is  attached  to 
two  or  more  sections  of  tubes  screwed  together  and  provided 
with  sockets  for  the  cross  handle  used  for  rotating  the  auger." 
(See  fig.  2). 

Bohlken's  borer  is  an  instrument  very  similar  to  that  introduced 
by  Marshall.     The  principle  appears  to  be  exactly  the  same. 

These  borers  should  invariably  be  accompanied  by  a  narrow 
long-handled  shovel  and  a  punner  bar,  so  called. 
(Figs.  3  and  4).  This  bar  consist  of  a  long  hollow 
rod,  at  one  end  of  which  is  a  chisel  point  for  loosen- 
ing the  soil,  breaking  and  removing  stones,  &c.,  and 
at  the  other  a  peculiarly-shaped  punner  head  for 
ramming  and  consolidating  the  soil  around  the  pole 
when  this  is  erected.  The  shovel  is  found  to  be  of 
much  service  in  removing  stones  and  other  obstruc- 
tions which  interfere  with  the  passage  of  the  auger. 
These  augers  are  worked  by  two  men,  who  rotate 
them  steadily,  withdrawing  them  from  time  to  time 
with  their  superincumbent  load  of  soil.  Fig.  3.    Pig.  4. 

Spiller's  borer  was  found  by  the  author  to  be  very  effective  in 
Band,  clay,  and  ordinary  soil.  It,  however,  was  not  so  successful 
in  gravel,  as  it  would  not  bore  through  it.  The  whole  of  the 
material  had  to  be  disturbed  and  broken  with  a  bar,  the  borer  then 
simply  acting  as  a  spoon,  and  a  somewhat  clumsy  one,  to  remove 
the  debris.  Moreover  the  radial  opening  between  the  plates 
apposed  too  small  to  admit  of  the  passage  of  ordinary  gravel 
and  stones.  It  is,  however,  probable  that  the  instrument  might 
be  so  modified  as  to  give  better  results  with  the  last-mentioned 
soil.  The  machine  itself  is  very  strong,  will  bear  much  rough 
usage,  and  does  not  appear  likely  to  break  or  get  damaged  by 
hard  work. 

Marshall's  borer  is  very  effective  in  clay,  ordinary  soil,  and 
gravel.  It  does  not  simply  bore  into  the  ground  like  a  common 
screw  pile,  for  then  it  would  be  impossible  to  withdraw  it.  The 
action  of  the  cutter  takes  slice  after  slice  of  the  soil,  raising  eaA\\ 
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through  the  height  of  the  groove,  thereby  severing  it  from  the 
circumference  of  the  hole,  without  otherwise  disturbing  its  positioii. 
A  small  valve  exists  in  the  tapering  point  of  the  machine,  which 
is  moveable  by  means  of  a  lever  or  eccentric  and  a  connecting-rod 
which  passes  down  the  hollow  stem.  The  object  of  this  is  to  admit 
of  the  introduction  of  air  under  the  plate  in  such  soils  as  ^vould 
otherwise  tend  to  form  a  vacuum  on  the  withdrawal  of  the  closely- 
packed  borer,  thereby  adding  the  weight  of  the  atmosphere  to  that 
of  the  materials  raised. 

The  cutting-plates,  which  are  interchangeable,  vary  from  10  to 
14  inches  in  diameter.  These  sizes  will,  as  a  rule,  serve  for  the 
majority  of  poles  erected  ;  but  the  hole  can,  if  necessary,  be  easily 
enlarged  with  a  properly-formed  shovel,  by  cutting  down  the  sides 
and  raising  the  soil  with  a  borer. 

With  this  machine  a  hole  has  been  bored  a  depth  of  5  feet 
6  inches,  in  clay,  by  two  men,  in  twenty  minutes,  and  the  pole 
erected  and  completed  in  half  an  hour ;  and  holes  in  gravel  have 
been  opened  up  a  like  depth,  in  a  time  varying  from  thirty  minutes 
to  an  hour,  with  the  same  strength. 

There  is  obviously  a  very  considerable  saving  of  labour  in  filling 
in  and  ramming  the  bored  hole,  as  compared  with  that  dug  in  the 
ordinary  manner.  It  may  be  mentioned  that  in  boring  through 
gravel  it  is  found  necessary  to  drive  the  bar  down  the  centre  of 
the  hole,  well  in  advance  of  the  borer,  to  admit  of  the  entrance  of 
the  tapering  point  which  forms  the  extremity,  in  order  to  get 
through  the  gravel  at  a  fair  speed.  The  ordinary  rotating  motion 
does  the  remainder  of  the  work. 

Bohlken's  borers  appear  the  same  in  principle  as  Marshall's,  and 
would  probably  do  like  work.     The  author  has  not  used  them. 

These  borers  have  obviously  one  defect.  They  cannot  be  worked 
close  to  a  wall  or  a  hedge,  positions  where,  in  road  telegraphy 
especially,  it  is  frequently  necessary  to  erect  poles.  This  difficulty 
has  been  overcome  by  fitting  one  of  the  borers  with  an  ordinary 
ratchet  handle,  lightening  such  of  the  parts  as  admit  of  it,  and 
replacing  the  long  tapering  point  by  a  shorter  one.  This  modified 
instrument  will  bore  in  clay  and  ordinary  soil,  but  in  gravel  it  only 
acta  ai  a  spoon,  tlic  soil  having  to  be  broken  up  with  a  bar. 
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The  advantages  of  these  apparatus  may  be  summarised  as  follows : — 

Ist.  Speed, — ^A  number  of  pole-holes  can  be  opened  out  to  a 
given  depth,  with  the  same  force  of  men,  in  less  time,  than  by  ordi- 
nary methods. 

2ndly.  Diminution  of  labour  in  filling  in. 

3rdly.  Greater  solidity  of  the  pole  thus  erected. 

4thly.  Less  disturbance  and  mixing  up  of  the  soil, — a  point  of 
some  consequence  in  erecting  lines  of  telegraph  through  private 
property. 

5thly.  The  advantage  of  being  able  to  work  in  wet  soils  without 
baling  or  pumping. 

6thly.  Saving  of  expense  in  sharpening  and  laying  pickaxes. 

Amongst  the  disadvantages  may  be  mentioned  : — 

1st.  Strain  involved  in  raising  the  borers  out  of  heavy  soils, 
with  their  load  of  debris. 

2ndly.  The  difficulty,  and  with  inexperienced  men  the  danger,  in 
rearing  the  pole  into  the  hole,  when  the  former  is  very  heavy. 

3rdly.  Liability  of  the  screw-borers  to  fracture,  and  additional 
first  cost. 

A  few  words  on  these  points  may  be  desirable. 

Advantages. 

Ist  Speed, — There  is  no  doubt  that  under  all  ordinary  conditions, 
and  even  with  men  who  have  acquired  but  slight  skill  in  the  use 
of  the  apparatus,  a  greater  number  of  holes  can  be  bored  in  a 
given  time,  with  the  same  force,  than  could  be  dug  by  ordinary 
liieans  ;  and  this  in  all  classes  of  soils  that  admit  of  boring  opera- 
tions. Even  large  stones  do  not  interfere  to  any  extent  with  the 
boring,  unless  of  course  the  soil  consists  of  rock,  for  in  the  former 
case  these  obstructions  are  broken  up  with  a  bar  and  removed,  by 
hand,  with  the  borer,  or  with  the  shovel. 

2ndly.  Diminution  of  Labour  in  Filling-in, — This  is  so  obvious 
that  it  is  not  necessary  to  dwell  on  the  point 

3rdly.  Greater  Solidity  of  the  Pole  when  Erect. — This  is,  perhaps, 
one  of  the  greatest  advantages  obtained  by  the  use  of  borers.   Where 
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a  large  rectangular  hole  is  dug  out,  and  the  soil  is  simply  filled  in 
and  rammed,  even  when  every  care  is  exercised,  and  a  strict  watch 
kept  on  the  men,  it  is  certain  that  the  soil  cannot  be  rendered  so 
firm  and  solid  as  it  was  before  its  disturbance  ;  and  a  period  of  two 
or  three  years  sometimes  elapses  before  this  state  of  solidity  is  again 
reached.  In  the  meantime  every  gale  that  blows  causes  the  poles 
to  sway  in  their  loose  beds,  and  this  adds  enormously  both  to  the 
liability  to  faults  and  to  the  strain  exerted  on  the  timber  itself. 
Moreover,  in  the  latter  case,  there  is  always  a  temptation  for  the 
foreman,  or,  in  his  absence,  for  his  men  to  get  over  their  work 
quickly,  by  simply  heaping  in  the  soil  witliout  proper  consolidatioD. 
With  a  bored  hole,  a  firm,  hard,  cylindrical,  undisturbed  surface  is 
presented,  slightly  larger  in  diameter  than  the  pole  itself,  and,  the 
space  between  the  two  being  small,  it  offers  little  inducement  for  the 
men  to  omit  the  ramming;  and  further,  this  space  being  inclosed 
by  two  solid  surfaces,  the  soil  can  be  so  firmly  consolidated  that 
movement  of  the  timber  is  almost  impossible.  It  is  rarely,  if  ever, 
found  necessary  in  bored  holes  to  use  blocks  of  timber  to  resist  the 
lateral  pressure  on  the  soil.  An  additional  saving  both  in  materials 
and  labour  is  hereby  afforded. 

4thly.  Lesser  Disturbance  of  the  Soil. — This  is  an  undoubted  ad- 
vantage in  road  telegraphy.  Few  landowners  or  proprietors  care  to 
see  huge  holes  dug  in  their  fields,  gardens,  and  hedges;  but,  when 
it  is  only  necessary  to  bore  a  cylindrical  hole  10  to  14  inches  in 
diameter,  much  less  objection  is  felt  to  the  operation,  and  much 
less  damage  is  done  to  existing  vegetation. 

5thly.  Advantages  in  Wet  SoUs. — The  delay,  annoyance,  and  dis- 
comfort to  the  workmen,  caused  by  a  flow  of  water  into  a  pole-hole 
under  the  old  method  of  digging,  is  well  known.  With  the  one 
exception  of  running  soils,  there  is  no  additional  difficulty  caused 
by  water  in  boring  operations,  which  are  carried  on  under  these 
cu'cumstances  with  the  same  facility  as  in  dry  soils. 

6thly.  Saving  in  Repairs  to  Tools. — This  item  is  probably  balanoed 
by  the  fracture  of  boring-plates  and  repairs  to  apparatus  referred 
to  below. 
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Disadvantages. 

Ist.  Strain  involved  in  raising  Borers, — It  is  frequently  found 
that  some  difficulty  is  experienced  in  raising  the  borers  out  of  the 
ground  when  too  heavily  laden.  This  is  due  to  the  friction  be- 
tween  the  mass  of  soil  and  the  circumference  of  the  hole.  This 
difficulty  is  more  obvious  with  the  screw-borers  than  with  Spiller's, 
but  it  is  found  that  when  the  borer  is  not  overladen  it  can 
generally  be  raised  without  unfairly  taxing  the  men's  strengUi. 
The  amount  of  soil  which  can  fairly  be  removed  without  overstrain 
is  soon  arrived  at  by  experience,  and  the  men  themselves  can  be 
trusted  to  correct  an  error  of  this  kind.  Another  means  of  over- 
coming the  difficulty  is  dwelt  on  below. 

2ndly.  Difficulty  in  raising  heavy  Poles. — There  is  naturally 
greater  difficulty  in  rearing  poles  into  a  bored  than  into  a  dug  hole, 
as  in  the  former  case  the  dead  load  of  the  pole  has  to  be  supported 
by  the  men  until  the  latter  is  raised  into  an  almost  perpendicular 
position,  and,  moreover,  an  injudicious  application  of  strength  on 
one  side,  when  the  pole  is,  say,  at  an  angle  of  45°,  will  cause 
it  to  sway  right  over  and  fall  to  the  ground.  With  a  rectangular 
hole  the  sides  and  ends  of  the  latter  support  and  steady  the  pole, 
and  admit  of  a  series  of  efforts,  followed  by  a  series  of  short  rests, 
on  the  part  of  the  men.  Of  course  with  light  timber  this  is 
a  matter  of  comparative  indifference,  but  the  aspect  of  the 
question  is  altered  in  dealing  with  heavy  poles.  These  require 
,  a  certain  amount  of  skill  and  confidence  to  raise  them  satisfiic- 
torily. 

The  ordinary  method  of  rearing  poles  has  been  used  for  bored 
holes,  the  punner-bar  being  placed  vertically  in  the  hole  for  the 
butt  to  rest  against  as  a  fulcrum,  and  props,  or  lifting-rods, 
being  supplied  to  raise  the  head  of  the  pole  in  the  well-known 
manner.  This  is  amply  sufficient  for  poles  not  exceeding  24  or 
26  feet  long.  A  method  of  deaUng  with  heavier  timber  is  referred 
to  ftirther  on. 

3rdly.  Liability  to  Fracture. — This  has  only  been  observed  up  to 
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the  present  time  in  gravel,  and  it  may  probably  be  obviated  by  the 
introduction  of  a  tougher  material  for  the  borer-plates. 

Marshairs  plates  have  hitherto  been  made  of  cast-iron.  It  is 
probable  that  the  use  of  malleable  cast-iron,  gon-metal,  or  cast- 
steel,  would  effect  a  great  improvement  in  this  respect. 

It  was  thought  that  the  two  first  disadvantages  might  be  obviated 
by  some  simple  means,  and  accordingly  light  three-legged  sheers 
were  prepared.  These  were  made  from  ordinary  pine,  free  from 
knots,  about  3  inches  square,  slightly  tapering  in  the  ordinan' 
manner,  and  about  21  feet  long.  They  were  hinged  at  the  upper 
extremity,  so  as  to  fold  closely,  and  were  easily  handled  by  three  or 
four  men,  according  to  their  weight.  A  pair  of  blocks  and  tackle, 
together  with  a  small  winch,  were  supplied  with  each  set.  The 
sheers  might  perhaps  be  made  of  hollow  iron  tubing  of  a  suitable 
diameter,  and  they  would  be  found  of  service  in  other  than  boring 
operations. 

In  a  recent  work,  two  pair  of  sheers  of  this  description  were  in- 
troduced :  one  pair  was  worked  by  three  men — the  second,  which 
was  slightly  heavier,  required  four.  Two  gangs  with  these  respect- 
ive numbers  started  on  a  given  length.  Each  raised  its  own  sheers, 
bored  the  holes,  drawing  the  borer  out  by  means  of  the  sheers;  then, 
without  fnrther  change,  slung,  raised,  and  set  the  poles,  which 
ranged  in  length  from  30  or  40  feet,  with  a  minimum  diameter  of 
6  inches  at  the  top,  and  which  moreover  were  fully  impregnated 
with  creosote  or  sulphate  of  copper.  The  soil  in  which  these  poles 
were  erected  consisted  of  clay,  sand,  and  hard  gravel;  and  the 
average  duration  of  each  operation,  from  the  time  the  men  finished 
at  one  pole  till  they  had  completed  the  following  one,  was  1  hour 
46  minutes.  This  averages  11  poles  per  day  for  the  seven  men,  and, 
taking  into  account  the  size  of  the  timber  and  the  unfavourable 
character  of  the  ground,  speaks  favourably  for  the  system. 

The  like  work  would  scarcely  have  been  done  by  a  similar 
number  of  men  with  pickaxe  and  spade,  whilst  for  a  considerable 
subsequent  period  the  stability  of  the  line  would  have  been  nothing 
like  so  great  in  the  latter  case  as  in  the  former.  In  this  length 
moreover  certain  A  poles  were  erected  without  the  cross-ties  gene- 
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rally  used  at  tlie  bases.  The  saving  in  laboor  was  enormous  com- 
pared with  the  ordinary  method,  and  die  polos  appear  to  hare 
stood  as  well,  up  to  the  present  time,  as  those  erected  in  the  usual 
manner  with  the  cross-hraces  at  tJie  butts. 

If  it  be  found  that  sufficient  rigidity  can  be  imparted  to  A  poles 
by  setting  them  in  bored  holes,  a  very  oonsiderable  economy  will  be 
effected  in  erecting  heavy  lines,  and  the  subject  is  one  which 
perhaps  should  be  dealt  with  a  little  more  at  large. 

An  A  pole  may  be  described  as  an  arrangement  of  two  poles, 
devised  with  the  object  of  giving  the  greatest  possible  rigidity 
where  a  narrow  base  is  imperative,  and  without  the  use  of  ex- 
pensive iron  ties. 

The  ordinary  form  consists  of  two  poles,  slightiy  scarfed  at  the 
tops,  sJid  fitted  together  as  an 
isosceles  triangle  with  an  iron 
crosstie  about  8  feet  &om  the 
ground,  and  a  wooden  brace 
at  the  base  of  the  structure. 
(Kg.  5.) 

Now  it  is  obvious  that  in 
resisting  a  lat«ral  strain  placed 
at  the  apex  of  the  triangle  the 
whole  structure  act^  like  a  bent 
lever,  the  weight  being  distri- 
buted over  C  B  and  the  fuU 
cmm  being  placed  at  B  or  D ; 
at  B  in  recently  disturbed  soil, 
at  D  if  at  this  point  it  rests 
against  a  solid  substance.  We 
may  practically  consider  the 
fulcrum  to  be  placed  at  B,  and 
under  ordinary  circumstances 
the  hold  on  a  recently-disturbed  soil  would  be  less  than  the  lateral 
strength  of  the  structure,  and  under  heavy  strains  the  latter  would 
probably  move  over  bodily.  It  is,  however,  generally  arranged 
that  the  tie  C  B  is  partly  embedded  in  solid  undisturbed  earth,  and 
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we  thereby  get  an  amount  of  rigidity  at  the  base  corresponding 
with  the  strength  of  the  poles  above  ground. 

With  an  A  pole  set  in  bored  holes  the  circomstances  are  widelv 
different,  only  a  small  portion  of  soil  having  to  be  rammed  in,  and, 
this  bein^  inclosed  between  two  solid  sur&ces,  there  ia  scarcely  auj 
limit  to  the  degree  of  consolidation  of  tlie  disturbed  earth  that  can 
be  obtained,  except  that  imposed  by  the  materials  themselves. 

X  To  move  a  pole  set  in  this  manner 

it  becomes  neoessaiy  to  displace  tfae 
solid  earth  in  the  directions  showD 
by  the  curves  in  fig.  6,  In  this,  if 
we  consider  B  as  the  fulcrum,  the 
lines  of  movement  will  be  rejffe- 
sented  by  the  whole  curves;  if  D  be 
sufficiently  consolidated  to  represent 
the  fulcrum,  the  dotted  curves  will 
then  represent  the  lines  of  move- 
ment or  of  resistance.  Practically  a 
combination  of  these  movements  or 
resistances  would  be  brought  into 
"  play.  The  sum  total  of  these  resist- 
ances would  be  so  great  is  lo 
make  it  very  probable  that  they 
would  satisfy  all  ordinary  require- 
ments in  any  bat  the  lightest  soik 
These  of  course  should  be  dealt  with  specially. 

The  economy  resulting  from  this  method  is  very  considerable,  u 
not  only  would  the  cross-braces,  bolts,  and  labour  of  fitting  be 
saved,  but  the  digging  of  a  huge  pit,  which  in  all  cases  aasnm» 
dimensions  far  exceeding  those  of  an  ordinary  post-hole. 

It  is  not  suggested  that  cross-kraces  should  be  wholly  abandoned, 
but  it  is  thought  that  the  system  of  erecting  A  poles  in  horvA. 
holes,  without  ties  at  the  base,  is  worthy  of  further  consideration 
and  trial  in  such  soils  as  are  sufficiently  solid  to  afford  good  ground- 
hold  on  tlie  structure.  The  arrangement  may  in  short  be  consi- 
dered as  an  improved  method  of  performing  the  ordinary  opentioD 
of  strutting. 


Fig- 6. 
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Since  the  reading  of  the  foregoing  paper  and  the  discussion 
thereon,  certain  improvements  or  modifications  have  been  made  in 
Marshall's  borer  which  tend  to  overcome  some  of  the  objections 
that  existed  to  the  use  of  the  former  apparatus. 

An  improved  borer,  formed  of  a  broad  flat  plate  twisted  into  a 
spiral,  somewhat  resembling  an  exaggerated  corkscrew,  with  an 
increasing  pitch,  and  terminating  in  a  point,  has  been  found  very 
effective,  so  far  as  experimental  trials  have  gone.  It  raises  large 
stones  more  readily  than  the  original  form ;  it  is  made  of  wrought 
iron,  and  is  not  liable  to  fracture,  and  it  appears  well  adapted  to 
general  work.  A  hole  up  to  nine  or  ten  inches  in  diameter  can 
readily  be  bored  by  one  man,  who  is  not  compelled  to  walk  around 
the  machine,  but  works  it  standing  in  one  spot.  For  larger  holes 
two  men  are  still  needed ;  but  there  is  no  occasion  for  their  moving 
round  the  hole.  Hence  post-holes  can  be  bored  close  to  walls, 
hedges,  and  on  sloping  embankments  with  facility ;  and  the  dupli- 
cation of  tools  for  this  purpose  involved  by  the  original  form  is 
avoided. 

Further,  the  abolition  of  the  necessity  for  the  monotonous  move- 
ments of  the  men  which  accompanied  the  use  of  the  other  borers 
will  diminish  the  objections  which  labourers  had  to  boring  opera- 
tions. 

Two  tables  are  appended,  showing  some  results  obtained  with 
borers.  The  first  shows  a  comparative  trial  between  a  "  Mar- 
shall's" borer,  a  "  Spiller's"  borer,  and  a  "Marshall's"  modified 
form  for  working  near  walls.  The  second  gives  the  results 
obtained  in  erecting  sixty-nine  consecutive  poles,  principally  heavy 
Scotch  fir,  recently  boucherized,  of  a  minimum  length  of  30  feet 
and  ranging  to  40  feet,  by  seven  men  with  two  light  sheers.  The 
time  quoted  is  from  the  completion  of  one  pole  to  the  completion  of 
the  next. 

It  should,  moreover,  be  remarked,  in  justice  to  the  apparatus, 
that,  with  one  individual  exception,  the  men  were  new  to  its  use, 
and  that  several  minor  defects  were  discovered  and  remedied, 
either  at  the  time  of  trial  or  later.  This  naturally  caused  delay, 
and  rendered  the  results  less  striking  than  tliey  might  have  been 
under  more  favourable  circumstances. 
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Comparative  Results  with  Spiller  and  Marshall's  Borebs. 

(Spiller*8  Borer,) 


Time 
boring. 

Depth. 

No.  of 
hole. 

Sand  and 
loose  soil. 

Clay  and 
marl. 

Grayel. 

ft. 
1-3 
2-9 
2-0 
2-6 
3-0 

Remarks. 

2 

6 

11 

15 

19 

mins. 
43 
84 
60 
93 
86 

ft 
1-0 
2-9 
2-0 

ft 
3-3 

3-6 
3-0 
1-0 

After  86  mins.  work  hole 
onlj  four  feet  down.    Ex- 

366 

5-9 

10-9 

11-6 

periment  then  ceased. 

(MarahalVs  \2"  Borer.) 


Time 
boring 

Depth. 

No.  of 
hole. 

Sand  and 
loose  soiL 

1 

Clay  and 
marl. 

Gravel. 

Remarks. 

3 

4 

8 

9 

10 

14 

16 

18 

mins. 
28 
47 
80 
40 
58 
63 
63 
87 

ft 
30 
0-9 

ft. 
3-6 

2-6 
2-9 
3-6 
2-9 
2-9 
2-0 

ft. 
2-0 
2-6 
30 
20 

2-0     / 
2-9    1 
2-9 
3-6    ( 

Noe.  7  and  8  bored  for  A  pole, 
35  mins.  additional  taken ap 
for  widening  both  hole&. 

Plate  broken. 
Nob.  10, 14, 16,  and  18pdes, 
3  men  with  sheers  woe  toki 
off.     The  sheers  erected  for 
drawing  borer,   and,  when 
hole  complete,  used  for  rsis- 
ing  pole.     Work  done  en- 

466 

3-9 

19-9 

20-6 

tirely  by  them. 
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Marshall's  Ratchet  Light  Borer. 
(Spoofi  Borer.) 


«0. 

of 
>le. 

Time 
boring. 

Sand 

and 

loose 

soil 

Clay 

and 
marl. 

Grarel. 

Time 
raising 

and 
panning 

poles. 

Means 

of 

raising 

poles. 

Remarks. 

I 

mins. 
35 

ft 
2-9 

ft. 
2-9 

ft 

mins. 
8 

(  Hand 
(  8  men 

> 

48 

30 

2-6 

— 

24 

C  Sheers 
(  3  men 

7 

104 

3-0 

— 

2-3 

For  A  vi 

de  No.  8. 

I 

124 

— 

60 

•3 

16 

Hand 
8  men 

J 

62 

4-0 

— 

1-6 

27 

Sheers 
4  men 

r 

88 

3-6 

20 

21 

(  Sheers 
4  men 

The  ratchet  broke  early 
in  the  boring  of  No.  12 
hole,  and  the  hole  was 
got  ont  with  the  defect- 
ive tool. 

EIesults  obtained  in  the  Erection  of  Sixty-nine  Poles  with 

"Marshall's"  Borer. 

.  Boring  apparatus  worked  with  sheer-legs : 

3  men  with  light  sheer-legs. 

4  men  with  heavy   „      „ 
Poles  boucherised,  30  to  40  feet  long. 

The  time  given  includes  the  raising  of  legs,  boring  hole,  erecting 
ole,  &c.,  complete. 


N^o.  of  pole. 

Total  time. 

Description  of  soil  and  remarks. 

H. 

M. 

94 

1 

35 

All  gravel,  hard 

95 

41 

Sand  and  gravel 

96 

25 

ditto     ditto 

97 

55 

Gravel,  very  hard 

98 

40 

1  foot  of  clay  and  4  feet  6  of  gravel 

99 

35 

Gravel,  bard 

100 

40 

ditto  ditto 

VOL.  III. 
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No.  of  pole. 

Total  time. 

H.        M. 

1       55 

DeBcription  of  soil  and  remarks. 

101 

All  gravel 

102 

2 

0 

ditto 

103 

2 

15 

SSand  and  gravel 

104 

1 

30 

ditto     ditto 

105 

2 

0 

Gravel,  hard 

lOG 

1 

58 

All  gravel,  very  hard 

107 

1 

48 

Gravel,  very  hard 

108 

3 

25 

All  gravel,  very  hard 

109 

2 

15 

Gravel 

110 

1 

30 

ditto 

111 

1 

50 

Sand  and  gravel 

112 

1 

45 

Gravel,  very  hard 

113 

2 

14 

Gravel 

114 

2 

10 

ditto 

115 

2 

5 

Gravel,  very  hard 

lie 

2 

2 

Gravel 

117 

^    2 

12 

Gravel,  very  hard 

118 

2 

34 

Gravel 

119 

1 

50 

Sand  and  clay 

120 

1 

45 

ditto     ditto 

121 

1 

48 

ditto     ditto 

122 

1 

45 

Sand  and  gravel 

123 

2 

9 

Gravel,  very  hard 

J  24 

2 

5 

All  gravel 

125 

2 

10 

Gravel  and  sand,  very  hard 

126 

1 

20 

Clay  and  gravel,  hard 

127 

2 

14 

All  gravel,  hard 

128 

1 

22 

Clay  and  sand,  hard 

129 

0 

58 

1  foot  of  gravel,  4  feet  C  of  clay 

130 

1 

10 

Clay  and  sand 

131 

1 

0 

ditto     ditt^) 

132 

2 

10 

2  feet  of  gravel,  3  feet  C  of  clay  and  gravel 

133 

9 

(\ 

All  gr.ivcl,  very  hard 

134 

1 

1« 

l  feet  of  gravel,  1  foot  G  of  clay  and  gravel 
(raining  1  hour) 
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No.  of  pole. 

Total  time. 

H«        M* 

3      50 

Description  of  soil  and  remarks. 

135 

2  feet  of  gravel,  8  feet  6  of  clay  (raining 

1  hour) 

136 

13 

All  gravel  and  clay,  very  hard 

137 

25 

All  gravel  and  sand 

138 

39 

All  gravel,  very  hard 

139 

31 

ditto        ditto 

140 

30 

Sand  and  gravel 

141 

17 

Gravel,  very  hard 

142 

20 

Sand  and  gravel 

143 

82 

ditto    ditto 

144 

30 

ditto     ditto 

145 

45 

Sand  and  gravel,  hard 

146 

25 

1  foot  of  sand,  4  feet  6  of  gravel 

147 

13 

Sand  and  gravel,  hard 

148 

33 

Clay  and  gravel,  very  hard 

149 

40 

Clay  and  gravel 

150 

25 

Sand  and  gravel 

151 

0 

50 

Clay,  very  hard 

152 

35 

Clay 

153 

20 

Sand  and  gravel 

154 

5 

ditto     ditto 

155 

5 

ditto     ditto 

156 

5 

Clay  and  sand 

157 

45 

Sand  and  gravel 

158 

25 

Clay  and  sand 

159 

40 

All  gravel 

160 

55 

Gravel 

161 

46 

Sand  and  gravel 

162 

51 

ditto     ditto 

2  02 
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Mr.  Gavey  gave  a  description  of  the  various  instruments  ex- 
liibitocl  by  which  the  paper  was  illustrated,  and  stated  that  he  had 
received  a  communication  from  Mr.  Marshall  to  the  effect  that  he 
had  recently  erected  sixty  miles  of  line  in  Venezuela  solely  by 
means  of  the  borer  exhibited.  With  reference  to  the  subject  of  the 
A  poles,  he  had  received  a  letter  from  Mr.  Langdon,  which  he 
bogged  permission  to  read  to  the  Meeting — 

Southampton,  Nor,  2Uh,  1874. 

I  have  read  your  paper  on  "  Earth-boring  for  Telegraph  Poles'' 
with  very  great  pleasure.  Only  those  who  have  seen  a  hole  dug 
for  an  A  pole  can  realise  fairly  the  amount  of  labour  involved  as 
compared  with  that  required  for  boring  two  holes  for  what  may  Ix; 
termed  the  legs  of  an  A  pole.  There  is  of  course  the  possibility 
that  in  some  soils  the  varying  strain  occasioned  by  the  force  of  the 
wind  may  gradually  work  the  poles  out  of  the  ground.  Probably 
the  idea  has  suggested  itself  to  you  tliat  this  might  be  in  a  great 
measure  met  by  fitting  a  kind  of  shoe  to  the  bottom  of  each  pole. 
If  so  you  will  no  doubt  give  the  Society  the  advantage  of  the 
suggestion  in  your  concluding  remarks. 

I  would  not,  in  using  such  an  appliance,  fix  it  to  the  bottom  of 
the  pole,  but  about  an  inch  or  so  up.  It  should  be  fitted  with  ear?, 
so  that  it  might  be  bolted  on  to  the  pole  above  the  shoe  portion, 
where  there  would  be  little  fear  of  its  giving  way  whatever  pressure 
miglit  bo  brought  to  bear  upon  it 

Tliere  is  this  drawback  about  it.  It  would  necessitate  tlie  hole 
being  bored  from  1  to  2  inches  larger  than  would  otherwise  be 
needed ;  but  still  I  think  it  desirable  something  of  the  kind  should 
be  used.  It  need  not  necessarily  pass  all  round  the  pole  ;  it  would, 
I  think,  be  sufficient  if  it  were  merely  semicircular. 

I  am  sorry  I  shall  not  be  present  at  the  reading  of  the  paper, 
but,  should  the  discussion  be  carried  over,  I  hoj>e  I  may  be  more 
fortmiato  for  the  next  Meeting. 

Yours  very  truly, 

W.  Langdok. 

J.  Gavcv,  Esq. 
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Mr.  Gavey  remarked  he  thought  tliere  was  but  little  danger  of 
the  poles  being  carried  out  of  the  ground,  unless  the  soil  were  of  a 
very  light  character.  In  these  cases  special  methods  should  of 
course  be  adopted,  but  in  more  solid  soils  he  recommended  bored 
holes  for  A  poles,  rather  than  the  method  described  in  Fig.  6, 
principally  on  account  of  the  enormous  saving  in  labour  thereby 
effected.  When  the  ground  was  sufficiently  solid,  the  stability  of 
poles  fixed  in  bored  holes  was  sufficient  to  resist  all  ordinary 
pressures.  He  stated  he  had  that  day  inspected  the  length  of  line 
described  at  the  end  of  the  paper  as  having  been  erected  in  bored 
holes,  and  he  found  that  though  the  line  carried  heavy  No.  4  wires 
not  a  single  pole  had  moved,  and  not  a  shilling  had  been  spent  on  it 
since  its  erection,  although  the  gales  of  three  winters  had  blown 
over  it.  He  thought  that  was  a  fair  criterion  of  the  stability  of 
lines  erected  in  the  manner  described. 

Mr.  Graves  :  Some  years  ago  I  was  under  the  impression  that  it 
was  quite  practicable  to  supersede  the  use  of  the  spade  and  pickaxe 
by  the  introduction  of  mechanical  means  for  lessening  the  labour  of 
making  the  holes,  and  at  the  same  time  to  reduce  the  quantity  of  earth 
disturbed.  So  far  as  experimental  trials  went,  I  should  be  justified 
in  saying  something  in  favour  of  the  borer,  and  more  so  of  the 
Spanish  spoon.  I  made  a  trial  of  this  instrument  near  Coventry. 
The  day  was  spent  in  operating  upon  different  kinds  of  soil,  some- 
times with  men  using  the  shovel,  and  sometimes  with  the  borer. 
Except  in  rock  and  hard  gravel  the  borer  showed  an  advantage. 
Its  performances  were  clean,  and  the  work  was  done  quickly;  and 
it  was  found  possible,  with  care,  and  people  watching,  to  lower  the 
poles  into  the  holes  without  difficulty.  On  the  other  hand,  in  that 
trial  certain  drawbacks  developed  themselves  and  proved  serious. 
One  was  the  greater  amount  of  physical  labour  attendant  on  the 
use  of  the  borer.  So  soon  as  a  certain  depth  was  reached— say 
over  2  feet — every  lifl  became  to  the  men  a  source  of  continual 
hard  work.  There  is  no  relaxation  from  it.  It  is  a  mill-horse 
round,  followed  by  a  heavy  lift,  and  it  was  clear  from  the  first  day 
of  trials  that  the  instrument  was,  on  that  ground  alone,  likely  to  be 
unpopular  with  the  men.     My  experience  has  been,  that,  when  you 
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tiy  test  experiments  under  the  superintendence  of  oflScers  interested, 
you  get  the  best  results  possible  ;  tlie  circumstances  are  the  most 
favourable  under  which  experiments  can  be  made.     I  have  used 
the  apparatus  of  both  kinds  exhibited  here — the  borer  and  the  spoon 
— and  I  have  been  asked  for  reporte  as  to  their  success.     During 
the  first  month  or  two  of  a  few  various  trials,  I  was  enabled  to 
report  favourably  of  both  instruments;  more  in  favour  of  the  spoon 
than  of  the  borer ;  but  six  months  afterwards  I  found  that,  except 
in  a  few  instances,  the  whole  of  these  instruments  dropped  out  of 
use.     The  borer,  in  spite  of  advantages  which  are  manifest,  has 
serious  disadvantages,  which  do  not  seem  to  have  been  sufficiently 
met  by  recent  modifications.     It  is  said  that  the  surface  disturb- 
ance of  the  soil  is  less  by  the  use  of  an  instrument  of  this  kind 
than  in  ordinary  operations,  and  that  a  smaller  portion  of  the 
natural  soil  is  interfered  with  than  in  the  course  of  ordinary  opera- 
tions.  This  I  concede.   These  advantages,  however,  cannot  always 
be  availed  of,  and  real  evils  arise  fi-om  the  labour  required,  and  from 
the  difficulty  of  working  the  instrument  except  in   open  spaces. 
A  large  proportion  of  the  work  of  the  Post  Office  Telegraphs  is 
close  to  the  bottoms  of  hedges,  or  on  the  borders  of  canals.    Li 
those  cases  it  is  impossible  to  work  by  men  traversing  round  a  circle, 
and  in  such  cases  the  use  of  the  ratchet  would  be  involved,  result- 
ing in  a  great  reduction  of  the  speed  of  the  operation,  very  much 
indeed.     The  Spanish  spoon,  so  far  from  being  abandoned,  is  in 
my  division  the  only  one  of  these  instruments  virtually  in  use. 
We  have  made  some  modifications  in  its  shape,  but  they  are  not 
very  important.     The  general  result  is  you  can  work  the  spoons  in 
a  limited  space  where  you  cannot  obtain  room  to  use  the  ordinaij 
spade  and  pickaxe.     In  the  case  of  a  comer  or  angle  of  a  wall 
space  is  valuable,  and  there  the  other  instrument  cannot  be  em- 
ployed.    Moreover,  in  comparing  the  performances  of  the  spoon 
and  borer  in  loam  or  clay,  where  the  borer  cuts  easily,  the  difficulty 
is  to  lift  the  earth  out.     In  the  case  of  hard  gravel  or  soft  rock, 
for  practical  purposes  the  borer  becomes  a  spoon.     You  smash  the 
material  with  the  bar  and  then  lift  it  out,  and  that  is  more  easily 
effected  bv  the  use  of  the  spoon.     I  may  say  that  aft»r  several 
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experimental  trials,  in  which  I  convinced  myself  that  the  spoon  was 
more  generally  available,  I  determined  to  try  whether  we  could 
not  have  a  long  length  of  line  erected  by  means  of  that  agency. 
From  Birmingham  to  Derby,  some  forty  miles,  I  arranged  for  the 
work  being  done  with  the  spoon  only.  Amongst  thiriy  men,  there 
were  only  about  three  spades  altogether,  and  I  may  say  the  whole 
of  that  line  was  erected  by  the  use  of  the  spoon.  Two  foremen  of 
experience,  with  sufficient  interest  in  the  work  to  compel  the  use  of 
the  spoon,  were  in  charge.  The  result  was,  that  the  holes  were  got 
out  in  a  satisfactory  manner,  and  without  more  labour  than  is  expe- 
rienced with  the  pickaxe  and  spade ;  but  beyond  that  I  consider  the 
economical  gain  was  nil.  The  work  costs  no  more,  but  it  costs  no 
less,  than  under  ordinary  conditions.  You  have  not  to  remove  the 
same  amount  of  soil,  but  what  you  gain  by  the  saving  of  labour  in 
the  removal  of  the  earth  you  lose  from  the  increased  labour  in 
fixing  the  pole.  It  is  assumed  that  the  pole  will  be  Ufted  accurately, 
and  that  the  men  will  make  no  mistakes,  but  in  many  cases  the 
8ides  of  the  hole  are  broken  in,  and  the  pieces  have  to  be  spooned 
out  again.  In  the  case  of  very  heavy  poles,  it  is  necessary  to  col- 
lect a  greater  number  of  men  to  lift  the  timber  than  when  it  is  slid 
into  the  ordinary  hole  made  by  the  pickaxe  and  shovel ;  therefore  I 
consider,  looking  at  the  pounds  shillings  and  pence  part  of  the 
question,  it  costs  no  less  than  erecting  the  line  in  the  ordinary 
manner.  I  would  add,  that  although  those  results  were  obtained 
by  men  working  in  large  gangs,  under  comparatively  eflPective 
supervision,  I  do  not  find  it  practicable  to  enforce  the  use  of  the 
borer,  or  any  other  substitute  for  the  spade,  in  the  case  of  a  few 
men  working  by  themselves.  The  instrument  the  workmen  cling 
to  is  the  spade.  The  South  American  experience  of  Mr.  Treuenfeld 
is  the  same  as  our  own  in  England,  viz. :  that  where  you  have 
the  power  to  compel  the  use  of  new  machinery  you  may  succeed, 
but  where  the  men  are  left  to  their  own  control,  and  are  few  in 
number,  you  fail  to  get  the  advantages  which  are  derived  from 
working  in  larger  bodies.  So  far,  therefore,  from  being  a  success, 
I  am  sorry  to  say  that  neither  the  borer  nor  the  spoon  are  used  in 
the  country  I  am  acquainted  with  to  any  great  extent ;  but  that 
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there  is  between  them  this  difference — the  spoon  lingers,  and  may 
revive  ;  the  borer  is  considered  practically  defunct. 

Mr.  R  von  Fischer  Treuenfeld  said :  Having  had  some  expe- 
rience in  earth-borers,  I  beg  to  state  a  few  disadvantages  with  regard 
to  this  mode  of  operation  which  I  do  not  see  mentioned  in  the 
paper.    The  paper  says,  one  of  the  great  advantages  of  the  boring  is 
the  greater  solidity  of  the  poles  when  erected.     I  suppose  this  is 
assuming  the  earth  is  properly  rammed  in,  but  I  have  found  diffi- 
culty in  doing  this.      Supposing  the  bore  is  10  inches  diameter, 
and  the  pole  7  or  8  inches  diameter,  there  w^ill  be  very  little  space 
between  the  pole  and  the  ground,  and  very  often  the  pole  will  not 
stand  in  the  centre,  or  perhaps  the  pole  may  be  crooked,  and  there 
may  be  places  where  it  is  difficult  to  use  the  rammer,  and  in  day 
soils  it  is  very  difficult  to  introduce  the  earth  properly  between  the 
narrow  space  in  the  ground.     If  this  is  not  properly  looked  after 
by  the  men  who  have  charge  of  the  work,  it  will  be  found  that 
open  spaces  will  remain  between  the  poles  and  the  natural  ground, 
and  these  open  spaces  will  destroy  the  poles,  and,  if  those  spaces  get 
filled  with  water,  it  will  tend  to  destroy  the  poles,  which  is  not  the 
case  if  the  holes  are  dug  in  the  ordinary  way.     I  also  think  it  is  a 
disadvantage  to  have  to  use  so  many  tools,  especially  where  long 
lines  have  to  be  erected,  as  in  Australia  or  Russia,  in  which  cases 
it  is  important  to  reduce  the  number  of  tools  as  much  as  possible. 
In  Paraguay,  on  introducing  these  borers,  which  I  took  with  me 
in  1863,  I  found  that  the  men  who  were  good  workmen  would 
rather  do  the  work  without  the  borers  than  with  them,  and  I  had 
to  give  them  up  very  soon,  against  my  will,  and  the  men  did  the 
work  better  without  them.     I  quite  agree  with  tlie  advantages 
mentioned  in  the  paper,  but  I  thought  it  well  to  mention  the  disad- 
vantages I  have  noticed. 

The  President  :  May  I  ask  what  tool  it  was  you  now  preferred 
to  do  without  ? 

Mr.  Treuenfeld  :  I  had  the  same  description  of  borer  as  that 
exhibited  hero,  but  not  so  long.  The  men  preferred  to  dig  the 
hole  with  the  pickaxe  and  shovel.  The  lines  in  Paraguay  were 
chiefly  military  lines.     The  men  were  well  trained  and  very  dever 
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workmen :  still  they  did  not  like  to  work  with  the  borer,  partly, 
no  doubt,  for  the  reason  that  they  had  to  take  so  many  tools.  The 
paper  says  it  is  in  all  cases  necessary  to  carry  the  pickaxe  and 
shovel. 

There  are  certain  places  where  the  borer  cannot  be  used,  con- 
sequently the  men  have  to  carry  a  great  many  more  tools,  which 
is  very  disagreeable.  If  you  have  to  go  over  a  great  many  miles 
a*day,  and  have  to  shift  the  tools  from  one  place  to  another,  it  is 
important  to  reduce  the  tools  to  the  smallest  quantity  and  the 
simplest  character  possible.  This  may  have  been  the  chief  reason 
why  the  men  did  not  like  these  borers,  but,  on  the  whole,  I  think 
they  did  the  work  as  quick  with  the  shovel  and  pickaxe  as  they 
woidd  have  done  with  the  borer. 

I  omitted  to  mention  another  disadvantage  I  experienced.  I 
never  used  sheer-legs  for  lifting  wooden  poles,  because  it  added  to 
the  number  of  tools  to  be  carried,  so  that  the  poles  were  lifted  by 
hand.  In  putting  the  pole  into  the  hole  it  often  happens  that  it 
knocks  against  the  sides  of  the  hole,  and  pieces  of  earth  tumble 
down  before  it  reaches  the  bottom.  The  men,  not  seeing  this, 
imagine  the  pole  to  be  down  the  full  depth  of  the  hole,  whilst  it 
may  be  six  or  more  inches  less,  from  the  soil  that  has  fallen  in. 
They  begin  ramming  down,  and  afl;erwards  find  that  the  pole  has 
not  been  put  down  the  proper  depth.  This  I  have  repeatedly  seen. 
I  may  mention  that  the  borer  answered  very  well  when  used  for 
poles  of  smaller  dimensions,  for  erecting  Military  Field  Telegraphs. 
With  small  poles  of  about  5  inches  diameter,  being  employed 
expressly  for  a  Military  Field  Telegraph  line,  the  borer  answered 
very  well  indeed,  and  there  was  no  difficuliy  in  lifting  the  poles 
and  dropping  them  clean  into  the  holes.  For  such  purposes  as 
that  I  think  the  borer  may  be  fairly  recommended. 

Mr.  Bell  :  Mr.  Qavey  has,  I  think,  somewhat  overstated  the 
quantity  of  earth  that  has  to  be  removed  fit)m  these  holes ;  he  gives 
the  width  as  2  feet  at  the  top,  whereas  I  think  1'  &'  is  ample  for  a 
man  to  work  in,  and  that  reduces  the  quantity  of  earth  to  be 
removed  from  30  to  about  21  cubic  feet.  There  is  one  point  on 
lyjl^ich  wo  rpQuire  further  information,  and  that  is  witli  regard  to 
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the  stability  of  A  poles  without  a  sill  or  a  tie-pieoe  near  the  base. 
It  is  assumed  that  the  friction  of  the  earth  on  the  poles  is  such  that 
if  they  were  canted  over  by  a  heavy  strain  the  earth  would  move 
in  the  direction  shown  by  the  curves  in  the  diagram ;  but  unless 
the  pole-butt  is  bell-shaped,  or  tapered,  I  don't  think  the  earth 
would  have  sufficient  hold  to  prevent  canting.  The  height  of  the 
poles  being  so  much  greater  than  the  width  across  both  at  the  base, 
the  one  would  go  down  and  the  other  would  be  lifted ;  that  is 
where  there  is  no  sill-piece.  When  the  strain  comes  on,  C  would 
be  lifted  up  till  the  pressure  comes  on  the  other  side  at  the  top,  and 
in  the  opposite  direction  at  the  bottom.  If  there  is  thus  a  move- 
ment of  one  inch  on  one  side  or  one  inch  on  the  other,  it  would 
add  considerably  to  the  extent  to  which  the  top  might  yield  by  the 
vertical  movement  when  subjected  to  a  severe  strain.  Mr.  Langdon 
appears  to  have  formed  the  same  opinion  as  I  have  done  of  this 
plan  for  A  poles,  for  in  his  letter  to  Mr.  Qavey  which  has  been  read 
he  recommends  that  iron  rings  should  be  fixed  on  the  poles  near 
their  base.  It  is  therefore  necessary  to  adopt  something  of  this 
sort  to  give  the  poles  a  good  hold  of  the  soiL  Without  the  sill- 
piece,  or  unless  the  timber  is  bell-shaped,  it  would  support  very 
little  of  the  weight  of  the  soil. 

Mr.  Charles  Burton  (Director  of  Telegraphs  in  the  Argentine 
Republic) :  What  has  been  said  with  regard  to  the  earth  fiilling 
down  into  the  holes  when  the  poles  are  put  in,  is  a  matter  of  fact 
in  my  own  experience,  even  where  the  holes  are  larger  than  would 
be  made  by  any  of  these  instruments  before  us.  It  is  not  only  not 
an  advantage  to  have  the  pole  higher  out  of  the  ground  than  it 
should  be,  but  it  is  a  disadvantage  to  have  to  take  the  pole  out  to 
remove  the  earth  which  had  fallen  down  tlie  hole.  In  the  country 
in  which  ray  operations  have  been  principally  carried  on,  there  are 
not  the  same  facilities  for  obtaining  poles  all  of  the  same  form  and 
dimensions,  that  there  are  in  this  and  other  countries.  Although 
iron  poles  have  been  used  on  the  greater  portion  of  the  lines  under 
my  charge,  I  have  something  like  30,000  wooden  poles,  and  out  of 
a  hundred  poles  you  will  not  find  half  a  dozen  straight  ones,  so  that 
the  borer  would  be  practically  useless,  and,  if  the  holes  were  bored 
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of  sufficiently  large  dimensions,  the  ramming  down  would  be  a 
matter  of  serious  difficulty,  and  would  leave  cavities  which  would 
be  filled  with  water,  and  materially  injure  the  poles;  or,  if  no  injury 
was  done  to  the  wood  on  account  of  its  naturally  hard  condition, 
yet  it  would  cause  the  poles  to  loosen,  and  you  would  have  to  be 
continually  employed  to  keep  the  poles  straight,  especially  on  a 
curved  line. 

Mr.  W.  H.  Preecb  inquired  what  was  the  nature  of  the  wood 
employed  on  the  Argentine  lines  ? 

Mr.  Burton  :  Very  hard  indeed,  almost  as  hard  as  iron.  There 
are  two  kinds  generally  used,  viz.,  the  algarrcha  and  the  qudyracho 
Colorado.  Sometimes  quebracho  bianco  is  used  in  mistake  for  que^ 
bracho  Colorado^  it  being  difficult  for  a  person  not  well  acquainted 
with  the  colour  of  the  wood  to  know  one  from  the  other ;  but  the 
quebracho  blancOj  unlike  tlie  coloradoy  deteriorates  by  contact  with 
water,  consequently  the  cavities  which  might  be  left  in  the  ground 
in  refilling  the  hole  would  more  materially  affect  the  bianco  than 
the  Colorado, 

Mr.  W.  H.  Preece  :  What  do  you  consider  to  be  the  life  of  a 
pole  in  that  country  ? 

Mr.  Burton  :  By  employing  the  best  kind  of  wood,  judging  from 
what  I  have  seen  used  in  farms  and  buildings,  the  poles  cut  from 
the  heart  of  the  tree  would  last  for  50  years  probably,  either  in  a 
perpendicular  or  horizontal  position,  without  suffering  any  deterio- 
ration whatever.  The  wood  itself  is  so  heavy,  that,  owing  to  the 
great  coat  of  transport,  it  is  cheaper  in  the  capital  of  the  Bepublio 
to  use  wood  obtained  from  Europe  or  the  United  States,  the  roads 
of  the  country  being  as  yet  in  the  most  primitive  condition,  and 
no  railways  available  for  the  transport  of  the  wood  from  the  forests 
where  it  is  grown. 

Mr.  W.  H.  Preece  :  Is  the  timber  very  abundant  ? 

Ml'.  Burton  :  Yes,  in  the  northern  provinces  you  find  forests  of 
100  miles  in  extent,  and  even  more,  and  then  perhaps  a  little 
broken  ground  with  pasture  land,  and  then  more  forest.  I  dare 
say  for  an  extent  of  700  miles  you  would  find  this  wood  in 
abundance. 
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Mr.  W.  H.  Preecb  :  So  tliat  practically  it  is  very  cheap  ? 

Mr.  Burton  :  It  is ;  at  the  commencement  of  my  operations  the 
poles  could  be  bought  for  10«.  each,  including  carriage  and  distri- 
bution about  the  line  laid  out,  but  afterwards  the  price  increased ; 
not  from  the  use  of  the  wood  for  general  purposes,  but  because  the 
proprietors  of  estates  knew  the  telegraph  poles  must  be  had,  and 
they  raised  the  price  accordingly.  It  being  impossible  to  buy  the 
whole  of  the  wood  at  once,  the  price  was  increased  to  about  30«.  a 
pole,  including  carriage  and  distribution. 

Mr.  W.  H.  Preece  :  Have  you  any  idea  at  what  age  the  wood 
is  used  ? 

Mr.  Burton  :  I  am  not  able  to  say.  The  tree  grows  in  some 
places  along  the  Paran&  coast  as  well  as  in  the  interior ;  but  it  is 
useless  to  endeavour  to  bring  it  to  Buenos  Ayres,  because  land- 
carriage  would  be  too  expensive,  and  from  its  great  specific  gravity 
it  will  not  float  in  water,  so  that  it  cannot  be  brought  down  in 
rafts.  A  patent  was  taken  out  for  a  cylinder  pontoon,  to  be  em- 
ployed as  a  raft,  but  it  has  never  been  brought  into  practical  use, 
so  that  tliey  are  without  this  wood  in  Buenos  Ayres,  except  in 
small  quantities. 

The  President  :  I  understand  from  you  that  no  form  of  borer 
has  been  found  suitable  for  the  Argentine  Republic,  and  that  the 
holes  are  made  with  the  pick  and  spade. 

Mr.  Burton  :  I  believe  this  class  of  borer  was  tried  by  one  con- 
tractor, but  he  found  it  useless  in  consequence  of  the  very  irregular 
form  of  the  poles,  and  also  in  consequence,  as  Mr.  Treuenfeld  says, 
of  the  dislike  of  the  men  to  carry  so  many  tools.  I  have  myself 
had  to  dispense  with  tools  which  would  be  used  in  England  were  the 
means  of  transport  easier.  Even  for  repairing  operations,  we  require 
that  the  tools  should  be  as  few  and  as  simple  as  possible,  and  also  small 
and  easy  of  conveyance  from  place  to  place,  because  the  men  have 
to  travel  on  horseback  sometimes  a  considerable  distance  in  a  day. 

Major  Malcolm,  R.E. :  It  has  been  suggested  that  this  borer 
would  be  usefiil  for  military  telegraphs.  I  would  ask  Mr* 
Treuenfeld  whether  he  has  used  it  himself  for  that  purpose,  because 
some  time  ago  I  tried  these  instruments  with  a  view  of  introducing 
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them  for  military  work,  more  particularly  the  small  borer  spoken 
of,  but  the  manufacturer  said  there  was  difficulty  in  making  them 
small,  one  reason  being,  that  with  the  V-shaped  opening  at  the  end 
very  small  stones  would  jamb,  and  the  tool  would  have  to  be 
repeatedly  pulled  up  to  clear  it.  Another  thing  which  in  my  small 
experience  was  against  the  use  of  the  borer — I  don't  know  whether 
others  have  found  the  same — ^was,  the  tool  broke  in  the  pipe. 

Mr.  Treubnteld  :  The  borers  I  used  in  Paraguay  were  6  or  6 
inches  diameter,  and  were  shorter  than  those  now  exhibited — say 
4  feet  long,  but  stronger  than  those  shown  to-night,  and  there  was 
a  ring  on  the  top  for  the  handle. 

Mr.  W.  H.  Preece  :  What  kind  of  soil  was  it  ? 

Mr.  Treuenfeld  :  Loam  and  sand.  It  was  easy  to  bore  3  feet 
deep  in  the  clay,  but  going  4  or  5  feet  deep  there  may  be  difficulty 
in  raising  the  pole ;  but  at  the  depth  of  3  feet  I  did  not  experience 
any  difficulty.  I  have  used  the  borer  for  military  telegraphs  to  a 
depth  of  3  feet,  with  poles  of  an  average  diameter  of  5  inches. 

Mr.  CuLLEY:  I  have  given  much  attention  to  boring  and  digging 
tools ;  and  about  three  years  ago  I  distributed  Marshall's  borers, 
and  the  bar  and  spoon,  widely  throughout  the  Postal  system. 

Reports  as  to  their  value  compared  with  the  pick  and  shovel  have 
been  received,  and  they  are  very  contradictory,  as  was  naturally  to 
be  expected  when  a  new  process  was  in  question. 
^  There  are  Conservatives  and  Liberals  in  the  arts  as  well  as  in 
politics ;  there  are  careful  experimenters  who  expect  failures  at  the 
.  commencement  of  every  new  process ;  and  experimenters  who  con- 
demn a  process  if  it  is  not  successful  on  the  first  trial.  And  there 
is  also  the  objection  of  working  men  to  anything  new ;  and  the  fact 
is  that  great  tact  and  perseverance  on  the  part  of  the  engineer  and 
his  foreman,  coupled  with  the  belief  that  the  new  method  can  be 
made  to  succeed,  are  necessary,  in  order  to  overcome  this  objection. 

Several  of  my  reports  state  that  nothing  could  be  done  with 
either  spoon  or  borer ;  others  show  that  very  good  work  was  done 
with  both. 

A  report  from  Nottingham  states : — 

^^  Li  loose  sandstone,  which,  although  like  sand,  is  much  heavier 
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and  more  tenacious,  2  men  bored  1  hole  5ft.  Gin.  deep  in  13  minutes, 
with  6  lifts,  and  set  a  24ft.  larch  pole  and  panned  it  down  in 
6  minutes  more. 

"  Li  gravel  and  water  2  men  bored  1  hole  5fl^  6in.  deep  in  40 
minutes  with  11  lifts ;  but  much  loose  stuff  kept  falling  in  the  hole; 
they  set  a  24ft.  larch  pole  and  punned  it  down  in  6  minutes  more: 
the  water  was  not  baled  out,  and  the  pole  when  punned,  though 
not  firm  at  first,  was  found  next  day  to  be  quite  finnly  set. 

"  In  clay,  2  men  bored  1  hole  5ft.  Gin.  deep  in  30  minutes,  with 
14  lifts,  the  most  difficult  work  being  the  lifting,  which,  although 
the  valve  was  used,  was  very  hard  work." 

It  seems  certain  from  this  report  that,  in  the  absence  of  appa- 
ratus for  lifting  the  borer,  its  use  involves  very  hard  and  disagree- 
able work.  It  was  lifted  14  times  in  boring  a  single  hole,  or  about 
3  times  in  each  foot  The  weight  of  soil  lifted  was  perhaps  trifling, 
but  it  formed  as  it  were  a  piston  working  with  immense  fiiction 
in  a  cylinder  which,  towards  the  end  of  the  operation,  was  5ft.  in 
length.  Besides  this  friction,  there  is  the  resistance  of  the  air 
passing  through  the  valve  atid  the  soil  into  the  space  below  the 
piston. 

The  same  objection  does  not  apply  to  the  bar  and  spoon.  The 
work  is  not  hard,  although  it  may  be  tedious. 

A  report  from  Mr.  Evans,  of  Birmingham,  states : — 

"  The  tools  were  tried  at  Coventry,  and  on  the  common  we  had 
no  difficulty  wJiatever  in  getting  out  holes  of  a  size  sufiScient  to 
admit  a  35ft.  and  40ft.  pole  without  having  the  hole  above  2  inches 
wider  at  the  top  than  was  sufficient  to  admit  tlie  butt  of  the  pole. 

"  It  was  at  first  anticipated  that  we  should  have  some  trouble  in 
rearing  poles  of  the  lengths  mentioned,  but  it  was  found,  if  one 
side  of  the  hole  was  made  a  little  wider  for  about  18  inches  in 
depth,  so  that  the  butt-end  of  the  pole  could  more  easily  slip  into 
the  hole,  that  by  placing  a  crowbar  at  the  opposite  end  of  the  hole 
to  that  at  which  the  butt-end  of  the  pole  was  inserted,  half  a 
dozen  men  with  two  ladders  could  rear  the  pole  and  hold  it 
sufficiently  firm  to  allow  it  to  simply  drop  into  the  hole,  where, 
without  any  assistance,  it  stood  erect     When  this  operation  had 
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been  completed  two  men  were  sufficient  to  pun  and  fix  the  pole 
firmly  in  the  ground,  i.e.y  one  man  to  steady  and  balance  the  pole  if 
necessary,  the  second  man  to  throw  in  the  earth  and  pun  it  down. 

**  The  new  line,  Birmingham  to  Derby,  was  under  my  own 
immediate  superintendence,  and  from  Birmingham  to  Fazeley,  a 
distance  of  14  miles  on  the  canal,  and  from  Fazeley  to  Burton,  a 
distance  of  18  miles  on  the  road,  I  used  nothing  but  spoons  and 
bars  for  the  work,  and  always  found  them  to  answer  admirably, 
giving  less  work  in  labour  to  get  out  the  hole  than  the  pick  and 
spade,  and,  as  a  matter  of  course,  less  labour  than  under  the  pick 
and  spade  in  filling  in  the  holes ;  added  to  which  is  the  advantage 
of  having  the  poles  more  firmly  set  in  the  ground,  than  could 
possibly  be  the  case  where  a  large  hole  is  dug,  and  the  pole 
made  firm  by  filling  up  with  loose  soil  and  punned  in  the  ordinary 
way. 

"  A  further  additional  recommendation  to  the  spoon  and  bar  is, 
that  the  surface  of  the  earth  in  which  the  pole  is  to  be  placed  is 
only  disturbed  to  an  extent  of  little  more  than  two  or  three  inches 
diameter  at  the  ground  line,  thus  making  cleaner  work,  and  leaving 
the  earth  in  almost  as  smooth  condition  as  before  it  was  disturbed. 

"  In  carrying  out  the  work  above  mentioned,  I  came  across  ordi- 
nary soil,  gravel,  solid  rock,  and  day,  and  no  difficulty  whatever 
was  foimd  in  getting  out  the  holes.  It  may  be  mentioned  we  used 
tubular  iron  bars  pointed  with  steel  for  ordinary  earth,  sand,  and 
gravel ;  but  for  rock  we  used  a  solid  iron  bar  chiseled  |  tip. 

"  Between  Stafford  and  Newcastle,  when  renewing  that  line  in 
1871,  spoons  and  bars  were  also  used,  and  in  one  particular 
instance,  south  of  Stone,  we  came  across  a  considerable  length  of 
rock,  the  holes  in  which  we  got  out  quite  as  soon  as,  in  fact  quicker 
tlian,  if  we  had  used  a  pick  and  spade. 

"  I  wish  to  add  that  in  the  first  experiment  with  the  bar  and 
spoons  I  was  ably  assisted  by  the  foreman,  T.  Davies,  who 
exercised  great  care  in  carrying  out  the  instructions  given  him, 
and  who,  throughout  tlie  whole  of  the  work  under  his  care,  since 
the  introduction  of  the  bars  and  spoons,  has  never  used  any  other 
articles  for  planting  poles. 
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"  I  found,  however,  tliat  with  other  gangs  and  individual  work- 
men there  was  the  greatest  dislike  to  the  use  of  the  bars  and 
spoons,  and  the  men  would  not,  unless  under  compulsion  and 
personal  supervision,  use  them. 

"  My  own  opinion,  from  considerable  practice  of  these  articles, 
is  that  they  are  invaluable  both  as  regards  economy  and  labour, 
strength  of  the  pole  when  planted,  and  neatness  of  work. 

"  I  also,  under  my  own  superintendence  when  we  were  renew- 
ing the  west  road  line  between  Birmingham  and  Tewkesbury,  saw 
these  tools  perform  an  amount  of  work  that  could  not  be  done  with 
the  pick  and  spade. 

"  The  bars  used  for  boring  or  breaking  rock  are  made  of  solid 
iron,  6  feet  6  inches  long  ;  both  ends  are  tipped  with  steel  for  about 
3  inches,  and  one  end  is  pointed  so  as  to  form  a  diamond  drill;  the 
other  end  is  shaped  like  a  chisel  and  is  used  for  shaping  the  hole  at 
the  bottom ;  the  drill  end  is  for  breaking  or  boring  the  rock.  The  bar 
used  for  ordinary  ground  is  8  feet  in  length  and  tubular  to  within 
about  6  inches  of  the  top  and  bottom ;  one  end  is  tipped  with  steel 
for  about  3  inches  and  made  in  the  form  of  a  chisel  2^  inches 
wide  ;  the  other  end  is  soUd  iron  and  is  used  as  a  punner. 

*^  The  shapes  of  the  spoons  first  received  were  not  good,  and  I 
found  they  could  be  rendered  more  useful  with  certain  alterations, 
according  to  the  skill,  and  in  some  instances  fancy,  of  the  man 
using  them." 

This  report  of  the  spoon  and  bar  may  be  very  fairly  paired  widi 
Mr.  Gavey's  paper.  Each  of  the  experimenters  intended  to  make  hk 
special  tool  succeed,  and  in  consequence  its  use  was  urged  persever- 
ingly  until  the  vis  iiiertice  of  the  workmen's  conservatism  was  over- 
come. 

The  borer  was  used  in  America  as  early  as  1859.  ShaflBner 
mentions  it  in  his  book  on  telegraphy  pubUshed  in  that  year.  I 
have  been  informed  by  one  of  the  principal  officers  of  the  Western 
Union  Telegraph  Company  of  the  United  States  that  he  never 
used  the  pick  and  shovel,  but  employed  the  bar  and  spoon  solely- 
The  spoon  was  first  brought  to  my  notice  by  Mr.  E.  G.  Bartholo- 
mew, who  used  it  in  erecting  a  Hno  in  Spain,  and  afterwards  one 
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across  the  moors  from  Tavistock  to  Dartmoor  Prison  some  ten  or 
twelve  years  since. 

The  great  difficulty  after  all  in  the  use  of  these  tools  is  that  the 
men  have  to  be  trained  to  their  use.  Any  labouring  man  in  the 
country  can  use  a  pick  and  shovel  with  more  or  less  skill.  You 
tell  him  to  dig  a  hole  and  he  knows  how  to  do  it ;  Jbut  if  you  intro- 
duce the  borer  or  the  spoon  you  must  first  get  over  the  objection  of 
the  men  to  anything  new,  and  then  you  must  teach  them  the 
use  of  the  tools,  and  then  you  must  give  them  sufficient  time  to 
practise  with  them,  so  that  by  the  time  they  know  their  proper  use 
the  work  is  finished.  The  trial  of  these  tools  will  not  be  given  up, 
and,  although  I  may  have  less  hope  of  their  being  ultimately  suc- 
cessful than  I  had  three  years  ago,  yet,  when  I  recall  the  difficulty 
we  experienced  in  substituting  the  use  of  ropes  and  blocks  for  the 
system  of  pulling  wires  up  by  main  force,  and  when  I  recollect  that 
the  same  objections  as  to  extra  trouble  in  carrying  tools  was  then 
urged,  I  do  not  despair  that  energy  and  perseverance  will  intro- 
duce some  form  of  digging-tool  better  than  the  pick  and  shovel. 

Mr.  Treuenfeld  :  Mr.  Culley  says  he  does  not  see  any  difficulty 
in  lowering  the  pole  clean  into  the  hole  and  leaving  a  space  of  2 
or  2J  inches  round  it,  but  I  say  the  difficulty  is  that  the  pole  may 
not  stand  exactly  in  the  centre  :  there  may  be  3  inches  on  one  side 
and  only  one  inch  on  the  other,  and  then  there  will  be  difficulty  in 
ramming  the  earth  in  properly;  and,  even  with  2  inches  clear  round 
the  periphery  of  the  pole,  I  fear  there  would  be  some  difficulty  in 
ramming  the  earth  round  the  pole. 

Mr.  QoLDSTONB :  Being  interested  in  the  fixing  of  poles,  I 
would  say  one  or  two  words,  more  as  a  warning  to  gentlemen  pay- 
ing attention  to  the  designing  of  earth-borers  than  anything  else. 
I  was  so  taken  with  some  experiments  which  I  made,  and  so 
satisfied  with  the  results  on  level  ground,  that  I  placed  a  set  of 
Marshall's  borers  in  the  hands  of  a  foreman,  who  was  engaged  in 
constructing  a  line  of  poles  by  the  side  of  a  railway,  and  gave  him 
some  skilled  labourers  to  work  the  borers.  It  answered  well  on 
level  ground,  but  it  was  another  thing  when  employed  on  the  side 
of  a  bank  of  any  description,  when  the  borers  had  to  be  abandoned. 
VOL.  lu.  2  H 
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It  18  therefore  evidently  necessary  for  those  who  design  implements 
of  this  description,  in  order  to  be  successful,  that  they  shall  make 
something  which  is  capable  of  universal  application,  and  which  can 
be  used  on  any  form  of  ground.  Railway  Companies  are  much 
interested  in  this  matter,  and,  if  a  borer  is  devised  which  can  be 
used  on  the  sides  of  railways,  it  will  be  a  very  use^  thing.  In 
many  cases  banks  are  made  of  new  tipping,  and  the  soil  is  Ught, 
so  that  you  have  to  make  a  great  hole,  as  well  as  a  platform  to  put 
the  earth  on  which  is  taken  out  of  the  hole.  If  the  borer  could 
be  adapted  to  those  circumstances  it  would  save  a  great  deal  of 
labour. 

Mr.  Gavey  (in  reply)  said:  Amongst  the  objections  raised  against 
the  use  of  the  borer,  one  of  the  first  is  that  it  involves  the  carriage 
of  a  large  number  of  additional  tools.  I  quite  admit  that  if  a  gang 
of  men  have  to  add  the  weight  of  boring  machinery  to  that  of  their 
ordinary  spades,  pickaxes,  &c.,  the  labour  becomes  so  great,  that 
it  may  lead  to  the  desire  to  abandon  the  use  of  the  borer  ;  but  this 
is  by  no  means  necessary,  for  it  is  to  be  borne  in  mind,  that,  in  a 
country  like  England,  the  officer  in  charge  of  the  line  generally 
knows  the  character  of  the  soil  through  which  he  is  going  to  erect 
his  telegraph, .  either  from  personal  observation  or  through  the 
surveys  necessarily  made,  and  he  acts  on  that  knowledge.  If  the 
country  admits  of  boring  operations,  boring  tools  are  issued ;  if  not, 
then  provision  is  made  for  the  work  being  done  by  the  ordinary 
means  of  pickaxe  and  shovel.*  Another  point  raised  is,  that  the 
small  space  left  between  the  pole  and  the  ground  does  not  leave 
room  for  the  proper  ramming  in  of  tlie  earth.  I  must  confess  that 
I  have  myself  regarded  this  small  space  as  one  of  the  greatest 
advantages  of  the  system,  because,  if  there  is  a  large  mass  of  loose 
earth  to  be  filled  in,  it  is  almost  impossible  to  consolidate  it  pro- 
perly, whereas,  if  you  have  the  soil  inclosed  in  a  narrow  space 
between  the  solid  sides  of  the  hole  and  the  pole,  you  have  an  oppor- 
tunity of  consolidating  it  and  making  it  as  firm  as  it  was  before  its 
disturbance.  It  is  further  said  that  a  bored  hole  does  not  admit  of 
a  crooked  pole  being  properly  set  in  it  That  difficulty,  when  it  arises, 
is  obviated  by  the  use  of  the  bar  exhibited  here.   The  sides  of  the  hole 
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are  cut  down  to  suit  the  pole,  and  both  in  this  case  and  in  tliat  in 
which  the  pole  quite  fills  the  hole  sufficient  room  is  obtained  to  admit 
of  the  earth  being  firmly  rammed,  without  that  danger  of  injury  to 
the  men's  hands  that  has  been  adverted  to.  Again,  the  use  of  the 
borer  abroad  has  been  referred  to  disparagingly.  My  own  remarks 
referred  more  to  the  use  of  the  instrument  at  home,  where  the  officer 
in  charge  can  always  exercise  his  discretion  as  to  what  tools  he 
will  use  in  any  given  work.  Abroad  it  is  very  different.  Officers 
in  charge  of  such  lines  do  not  enjoy  the  facilities  of  carriage,  nor 
have  they  at  their  command  the  appliances,  we  have  in  a  coimtry 
like  England*  In  such  cases  it  may  be  advisable  to  use  tools 
which  will  be  applicable  and  useful  under  all  circumstances.  Such 
a  fact  does  not  however  derogate  from  the  utility  of  the  system  in 
a  highly  civilised  country. 

With  reference  to  the  remarks  of  Mr.  Graves  as  to  the  use  of 
the  Spanish  Spoon  proper,  and  the  borers  described  in  the  paper, 
I  am  not  aware  whether  that  gentleman  has  used  the  small 
modified  borer  which  I  referred  to  as  Marshall's  Spoon.  That 
is  an  instrmnent  well  adapted  to  overcome  the  objection  raised 
to  the  borer  itself.  True,  with  a  heavy  borer  you  cannot  op^n 
a  hole  near  to  a  wall  or  in  other  confined  spaces ;  but  with  a  small 
ratchet-borer  the  difficulty  is  overcome.  It  will  bore  freely  in  clay 
and  light  soil ;  in  heavy  soils  it  can  only  be  used  as  a  spoon,  and, 
in  my  opinion,  with  this  instrument  you  can  collect  the  soil  far 
more  readily  than  you  can  with  the  Spanish  Spoon. 

Another  point  is  with  reference  to  the  A  pole.  I  imdor- 
stand  from  Mr.  Bell  he  argues  that  the  force  which  retains  the  A 
pole,  illustrated  by  fig.  6,  in  its  vertical  position,  when  exposed  to 
a  lateral  strain  at  the  apex,  is  simply  due  to  the  friction  between 
the  soil  and  the  sides  of  the  pole.  That  would  be  nearly  so  if  the 
pole  were  raised  vertically  out  of  the  groimd  by  means  of  sheer- 
legs,  but  I  think  that,  when  moved  horizontally,  his  view  is  scarcely 
the  correct  one.  If  you  assume  the  triangle  to  be  perfectly  rigid 
you  can  treat  it  simply  as  a  bent  lever,  the  fulcrum  being  placed  at 
D  or  B,  fig.  6,  or,  more  properly  speaking,  at  a  point  intertaediate 
between  the  two.     If  we  take  it  at  D,  then,  to  move  the  pole  over 
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by  lateral  pressure  at  A,  you  have  to  raise  the  whole  of  the  earth 
ill  the  direction  shown  by  the  dotted  lines.  If,  on  the  contrarj', 
you  take  B  as  the  fulcrum,  you  have  to  raise  the  earth  in  the 
direction  shown  by  the  whole  lines,  so  that  in  neither  case  would  the 
pole  be  held  by  mere  friction  alone.  As  the  poles  are  never 
thoroughly  rigid,  no  doubt  friction  between  them  and  the  soil  plays 
an  important  part  in  retaining  the  structure  in  its  position,  but  not 
by  any  means  the  sole  or  even  the  principal  one. 

With  reference  to  the  general  use  of  the  borer,  no  doubt  two  of 
the  greatest  objections  to  its  general  introduction  are,  first,  the 
physical  strain  involved  in  withdrawing  it  from  the  soil ;  and 
secondly,  the  difficulty  in  the  case  of  heavy  poles  in  raising  them 
into  the  holes.  These  difficulties  can  be  fairly  met  by  the  means  I 
have  described  in  the  paper,  and  other  contingent  advantages  are 
at  the  same  time  obtained.  The  addition  of  light  sheers  admits  of 
the  use  of  the  borer  and  the  raising  of  the  poles  with  less  labour  to 
tlie  men  than  in  any  other  methqd  of  erecting  telegraph  lines,  and 
the  mere  transport  of  the  sheers  from  pole  to  pole,  in  addition  to 
the  ordinary  boring  tools,  is  simply  effected  by  means  of  a  light 
truck.  In  this  maimer  the  only  objection  that  remains  in  the  mind 
of  the  men  is  that  of  novelty,  and  when  this  alone  is  to  be  over- 
come it  is  simply  a  matter  of  discipline. 

Mr.  CuLLEY  :  Then  every  time  you  bore  a  hole  the  sheers  would 
have  to  be  moved  to  it,  and  they  would  be  taken  down  ready  for 
the  next  hole. 

Mr.  Gavey  :  Yes ;  the  sheers  would  be  erected  over  each  hole 
and  would  remain  in  situ  till  the  pole  was  complete.  With  light 
sheers,  21  feet  long,  that  would  be  a  work  of  little  labour,  and  two 
pair  of  sheers  would  suffice  for  a  gang  of  six  or  seven  men.  The 
time  lost  in  shifting  the  sheers  is  very  trifling  indeed,  not  exceed- 
ing two  minutes  for  each  pole.  The  poles  are  dropped  in  verticaDy 
by  the  same  means,  and  the  falling  of  ddbris  into  the  hole  is 
entirely  avoided. 

Mr.  Graves:  How  many  men  would  be  engaged  in  that  operation? 

Mr.  Gavey  :  Seven  men  were  employed  in  the  case  illustrated. 

Mr.  Graves  :  Seven  men  at  the  same  hole  ? 
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Mr.  Gavey  :  No  ;  three  men  at  one  hole  and  four  at  another. 
These  two  gangs  each  had  a  complete  apparatus,  which  was  shifted 
from  hole  to  hole  as  they  went  on.  Some  excess  in  the  weight  of 
one  pair  of  sheers  made  the  additional  man  necessary  in  one  gang. 

Mr.  Graves  :  Have  you  calculated  the  cost  of  that  as  compared 
with  the  ordinary  way  ? 

Mr.  Gavey  :  I  have  not  myself  had  sufficient  experience  on  a 
long  line  with  the  borer  to  give  a  decisive  opinion  on  that  point. 
I  have  not  erected  more  than  three  or  four  miles  of  continuous  line  in 
bored  holes,  the  results  of  which  are  given  in  the  paper,  and  these, 
so  far  as  they  go,  are  in  favour  of  boring  in  pecuniary  as  well  as  in 
other  respects. 

Mr.  Bell  :  Had  you  any  trouble  in  erecting  24  or  30  feet  poles 
in  gravelly  soil  from  the  gravel  falling  into  the  holes  ?  or.  had  you 
any  sheath  for  guiding  the  pole  ? 

Mr.  Gavey  :  I  have  found  no  difficulty  in  doing  so.  In  rearing 
poles  by  the  ordinary  means — that  is,  without  sheers — it  was  the 
practice  to  put  the  pimner-bar  at  the  extremity  of  the  hole  to  act 
as  a  fulcrum.  No  sheath  was  used,  but,  as  almost  all  the  poles' 
were  reared  with  the  aid  of  sheers,  the  difficulty,  if  it  existed,  was 
entirely  overcome. 

Mr.  Bell  :  In  gravelly  or  other  light  soil,  without  the  use  of  a 
sheath  it  is  almost  impossible  to  imagine  that  the  pole  can  be 
placed  in  the  hole  without  a  considerable  quantity  of  soil  falling 
into  the  hole. 

Mr.  Gavey  :  My  experience  has  not  been  in  that  direction.  A 
small  quantity  of  soil  might  be  knocked  in,  but  that  would  be  met 
by  boring  the  hole  six  or  eight  inches  deeper  to  allow  for  that.  The 
soil,  except  in  that  of  the  lightest  description,  would  be  firmer 
around  a  small  bored  hole  than  at  the  edge  of  a  large  dug  one. 

The  President  :  I  wish  to  make  just  one  remark  upon  Diagram 
No.  6.  The  disadvantage  of  the  method  shown  in  No.  5,  as  I  under- 
stand it,  is  the  large  quantity  of  loosened  soil  that  it  involves.  Tlie 
advantage  it  presents  is  the  presence  of  the  cross-bar,  which 
cannot  move  upwards  without  dragging  a  large  quantity  of  soil 
with  it.     But,  on  referring  to  Diagram  No.  6,  1  think  that,  not- 
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Withstanding  the  comparatively  small  quantity  of  soil  loosened  in 
the  process  of  executing  it,  we  have  an  arrangement  which  could 
not  possibly  be  advantageous,  even  with  the  addition  of  ratdiets 
projecting  out,  as  in  the  additional  (not  numbered)  diagram  before 
us.     It  appears  to  me  that  in  Diagrani  No.  6  we  have  a  mechanical 
arrangement  devised,  as  it  were,  for  the  purpose  of  plucking  out 
one  or  other  of  the  poles.     As  the  arrangement  is  described  in  the 
paper,  it  is  stated  that,  if  the  fulcrum  were  B,  the  lines  of  motion 
would  be  those  shown  by  the  full  curves ;  or,  if  the  fulcrum  were  D, 
the  lines  of  motion  would  be  those  indicated  by  the  dotted  curves. 
Probably,  in  the  actual  case,  the  virtual  fulcrum  would  be  some- 
where between  the  two,  B  and  D.      The  line  of  motion,  then,  of 
the  middle  of  the  immersed  part  of  the  pole  C  would  be  vertically 
upwards.     There  would  be  a  slight  obliquity  to  the  right  in  the 
motion  of  the  upper  end  of  the  part  immersed,  and  a  slight  obliquity 
to  the  lefl  in  the  motion  of  the  lower  part;  but  those  obliquities  would 
be  so  slight  that  it  would  take  a  very  solid  surrounding  to  give 
any  considerable  resistance  to  the  motion.     It  seems  to  me  that, 
afler  being  tried  for  a  time  by  severe  forces  pulling  in  the  direction 
of  the  arrow-head  in  the  diagram,  the  left-hand  pole  would  become 
loose,  and  would  then  have  only  its  mere  weight  with  which  to 
give  stability  to  the  structure ;  and,  as  the  same  thing  might  happen 
to   the    other   pole   by  forces  in  the    other  direction,   the  whole 
is,  in  point  of  fact,  an  arrangement  as  if  devised  in  the  first  place 
to  loosen  the  hold  of  each  pole  upon  the  earth,  and  afterwards 
pluck  out  one  or  other,  according  to  the  direction  of  the  final  pnll. 
It  is  easy  to  reckon  how  much  stability  will  be  given  by  weight, 
and  I  believe  the  virtual  stability  of  this  arrangement  will  be  that 
of  two  loose  poles  standing  simply  by  their  own  weight     I  suspect 
that,  in  truth,  there  would  bo  less  resistance  in  the  case  of  the  two 
poles  rigidly  connected  (as  shown  in  the  diagram)  than  there  would 
be  if  they  were  quite  independent,  with  merely  a  loose  link  at  the 
toj)  to  give  a  resistance  equal  to  the  sum  of  the  resistances  of  the 
two  poles  separately.     I  think  it  very  probable,  that,  even  taking 
into  account  the  assistance  which  gravity  would  give,  it  would  be 
found  that  the  particular  arrangement  shown  in  the  diagram  wooW 
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have  more  power  of  resistance  to  a  force  applied  at  the  top  in  a 
direction  perpendicular  to  the  plane  of  the  diagram  than  to  a  force 
in  the  direction  shown  by  the  arrow-head. 

In  reply  to  Mr.  Culley,  the  President  farther  said  :  If  the  force 
was  always  in  one  direction,  then  there  would  be  nothing  to  loosen 
the  pole  B  A.  The  pole  B  A  would  give  its  full  resistance.  I 
think  that,  if  there  were  forces  sometimes  in  the  one  direction  and 
sometimes  in  the  other,  it  is  even  possible  there  would  be  less 
resistance  with  the  two  poles  than  from  one  alone,  from  the 
fact  that  the  pole  A  C  would  get  loosened  by  forces  acting  in  the 
direction  of  the  arrow-head.  It  seems  to  me  that  after  both  poles 
become  thus  loosened  the  resistance  might  be  less  than  with  a 
single  pole.  K  the  force  is  always  in  one  direction  (as  that  shown 
by  the  arrow-head),  then,  with  the  poles  loosely  joined  at  the  top, 
the  resistance  would  be  greater  undoubtedly  than  with  a  single  pole, 
but  probably  not  quite  so  much  greater  as  double.  Although  that 
is  not  a  good  arrangement,  it  would  be  better  than  the  arrange- 
ment shown  in  the  diagram.  I  think  that  if  the  poles  were  close 
side  by  side  there  would  be  less  than  double  the  resistance  of  one 
pole,  because  the  whole  amount  of  the  resistance  of  the  earth  that 
one  pole  would  experience  would  be  diminished  by  the  presence 
of  the  other.  If  the  two  were  placed  at  a  considerable  distance 
from  one  another,  and  if  they  were  not  coupled  so  as  to  give  the 
leverage  action  upon  which  I  have  commented,  then  the  force 
would  still  be  not  quite  equal  to  the  sum  of  the  two,  because  the 
whole  force  would  not  be  distributed  exactly  on  the  two  poles  in  pro- 
portion to  their  maximum  resistances.  The  leverage  action  in  the 
ordinary  hammer-fork  for  drawing  nails  is  almost  precisely  the 
same  in  principle  as  that  which  I  have  indicated  in  this  case. 

I  have  listened  with  very  great  interest  both  to  Mr.  Qtivey's 
paper  and  to  the  comments,  and  also  to  the  general  information 
with  which  other  speakers  have  followed  it  up.  Although  it  is 
quite  clear  that  in  distant  countries,  and  in  a  variety  of  soils,  and 
in  circumstances  in  which  division  of  labour  and  minute  sub- 
division of  appliances  are  not  available,  the  method  of  making  holes 
by  the  pick  and  spade  is  that  upon  which  most  roliftnce  must  be 
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placed ;  still  I  think  that  Mr.  Gravey  has  made  out  an  exceedingly 
good  case  for  the  borer  in  a  very  large  class  of  applications.  What 
Mr.  Galley  has  said  with  reference  to  the  trials  that  have  been 
made  shows  that  there  is  a  large  province  still  left  for  the  borer. 
It  most  be  remembered  that  the  method  is  comparatively  new, 
having  been  in  use  only  a  few  years ;  and  when  so  much  can  be 
said  in  its  favour  as  Mr.  Culley  has  said,  and  has  been  brought 
forward  in  the  paper,  I  think  we  must  agree  that  it  is  a  very 
important  appliance.  In  a  large  district  of  country  over  which 
a  great  many  lines  of  telegraph  may  have  to  be  taken,  and  where 
the  soil  is  generally  of  a  suitable  character,  the  borer  will  be  of 
considerable  value.  There  can  be  no  doubt  whatever  of  the  figures 
which  Mr.  Gavey  has  put  before  us,  and  they  show  a  very  great 
increase  in  the  quantity  of  work  done  by  the  labours  of  a  certain 
number  of  men  through  the  use  of  the  borer  in  favourable  circum- 
stances. The  advantage  of  bringing  forward  and  describing  new 
applications  before  this  Society  is  well  illustrated  by  the  informa- 
tion and  new  ideas  which  we  have  received  from  Mr.  Gavey 
himself,  and  the  light  which  has  been  thrown  on  the  subject  by  the 
different  speakers.  I  propose  a  cordial  vote  of  thanks  to  Mr.  Gravey 
for  his  paper. 


The  following  Candidates  were  balloted  for  and  declared  duly 
elected : — 


Foreign  Members  : — 

J.  M.  Collette 
E.  H.  Johnson 
G.  A.  Moore 
W.  J.  PhiUips 
C.  T.  Sellers 
W.  H.  Spang 


The  Hague. 
Philadelphia,  U.S. 
Erie,  Pennsylvania,  U.S. 
Philadelphia,  U.S. 
Reading,  Penn.  U.S. 
Reading,  Penn.  U.S. 


Don  Carlos  Soldan         .         .     Lima,  Peru. 
Marquis  L.  Vianesi       .  Messina. 
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As  Members  : — 

W.  R.  Brooke      . 
W.  J.  Conningham 
F.  Despouites 
Edward  Gilbert    . 
J.  M.  Lane  • 
W.  F.  Melhmsh    . 
Sidney  Montefiore 
F.  D.  Nelson 
W.  Williams 


Bombay. 

Adelaide. 

Submarine  Telegraph  Co. 

Tokei,  Japan. 

Calcutta. 

Calcutta. 

Melbourne. 

Teheran^  Persia. 

Calcutta. 


As  Associates  : — 

J.  Jeffery     . 
T.  Y.  Johnstone 
F.  S:  Joseph 
J.  K.  Logan 
R.  J.  Lewis  . 
J.  Oppenheimer 
A.  Schindler 
Louis  Sterne 
C.  J.  Stokes 
L.  E.  Thornton 


Marseilles. 

Ispahan,  Persia. 

Brixton. 

Dunedin,  New  Zealand. 

General  Post  OfBce. 

Manchester. 

Teheran,  Persia. 

Westminster. 

Brompton. 

Calcutta. 


The  Meeting  then  adjourned. 
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The  Thirtieth  Ordinary  and  Third  Annual  General  Meeting  was 
held  on  Wednesday,  the  9th  December,  1874,  Mr.  Latimkr 
Clark,  Vice-President,  in  the  Chair. 


The  Chairman  announced  that  the  Ballot  for  President  and 
Members  of  Council  and  Officers  of  the  Society  for  the  ensuing  year 
would  take  place,  and  be  closed  at  half-past  8  o'clock. 

Messrs.  R.  von  Fischer  Treuenfeld  and  William  Langdon  were 
appointed  Scrutineers. 

The  Secretary  read  the  Annual  Report  from  the  Council  as 
follows : 

ANNUAL  REPORT  FOR  THE  YEAR  1874. 

Gentlemen, 

For  the  third  time  your  President  and  Council  come  before  you 
to  give  up  those  offices,  which  have  been  during  the  past  year  held 
at  your  request ;  and  in  resigning  them  to  place  before  you  some 
account  of  the  operations  of  the  Society  during  the  past  year. 

We  have  continued  thoughout  the  year  to  enjoy  the  valuable 
advantage  of  holding  our  Meetings  in  the  Institute  of  Civil 
Engineers  ;  and  the  success  of  the  Society  must  in  a  great  measure 
be  attributed  to  a  privilege  so  valuable,  which  has  been  accorded  to 
us  so  kindly  and  so  freely  in  the  past  by  the  President  and  Council 
of  the  Institute  of  Civil  Engineers,  and  which  we  trust  will  be 
continued  in  the  future  as  it  is  at  the  present,  until  such  time  u 
the  Society  has  established  itself  on  such  a  basis  as  will  enable  it 
to  possess  a  large  room  of  its  own,  wherein  the  ordinary  Meetings 
of  the  Society  may  bo  held.  The  rapid  progress  the  Society  of 
Telegraph  Engineers  has  made  has  greatly  pleased  the  parent 
institution,  and  the  future  progress  of  the  Society  will  be  watched 
by  them  with  interest. 

We  cannot  do  better  tlian  repeat  the  following  remarks  on  the 
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subject  made  by  our  first  President,  Dr.  C.  W.  Siemens :  "  I 
consider  it  a  most  fortunate  circumstance  for  our  Society  that, 
through  the  liberality  of  the  Council  of  tlie  Institution  of  Civil 
Engineers,  we  are  enabled  to  hold  our  first  Meetings  in  these  com- 
modious rooms,  imder  the  roof  of  the  parent  Institution  of  Engineers, 
and  with  their  good  wishes  to  cheer  us  on  our  way.  May  our 
success  justify  their  liberality." 

The  Council  have,  under  the  direction  of  the  Committee,  fur- 
nished the  rooms  taken  by  them  at  4,  Broad  Sanctuary,  as  a 
Library  and  an  Office.  The  Library  will,  it  is  to  be  hoped,  be 
soon  supplied  with  a  valuable  collection  6f  books,  and  will  also  bo 
used  as  a  Reading-room,  where  all  the  scientific  journals  and 
periodicals  may  be  seen,  including  the  principal  foreign  publica- 
tions. Arrangements  are  now  being  carried  out  with  that  object, 
and  it  is  anticipated  that,  when  that  result  has  been  obtained. 
Members  will  find  the  Reading-room  and  Library  a  most  valuable 
assistance  in  their  professional  pursuits. 

Negotiations  have  been  going  on  during  the  past  year  rela- 
tive to  the  acquisition  of  the  Library  collected  by  the  late  Sir 
Francis  Ronalds,  whose  loss  it  was  our  painfiil  duty  to  record  last 
year.  This  library  is  considered  without  exception  the  most  per- 
fect technical  (as  regards  Electricity  and  Telegraphy)  library  in 
the  whole  world ;  and  certain  Members  of  your  Council  have  been 
unceasing  in  their  efforts  to  bring  this  to  a  satisfactory  conclusion, 
and  they  hope  shortly  to  announce  the  actual  acquisition  of  the 
library.  The  Society  is  greatly  indebted  to  Mr.  Samuel  Carter, 
who  now  possesses  the  library,  for  the  interest  he  has  shown  in 
the  Society,  and  for  the  invaluable  gift  of  the  library  left  to  him 
by  the  late  Sir  Francis. 

The  continued  progress  of  the  Society  forms  a  subject  of  con- 
gratulation, for  the  increase  of  Members  is  of  a  most  satisfactory 
character.  The  fact  that  at  the  last  two  Meetings  71  candidates 
were  proposed  is  a  sufficient  indication  of  the  prosperous  condition 
of  the  Society,  and  of  the  high  position  it  has  now  assumed.  Alto- 
gether, the  increase  during  the  year  may  be  considered  most  satis- 
factory. This,  calculating  three  gentlemen  who  will  be  elected 
to-night,  amounts  to  126,  being  Members  of  all  classes. 

The  following  statement  gives  particulars  of  the  number  of 
Members  at  the  end  of  the  several  years : 
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1872. 

1873. 

1874 

Honorary  Members 

0 

3 

4 

Foreign           „ 

-      25 

57 

81 

Members    -        -        - 

-    155 

185 

202 

Associates  -        -        - 

-    170 

270 

346 

Students     .        -        - 

2 

7 

15 

Totals 

-    352 

522 

648 

Increase 

170 

126 

It  is  satisfactory  to  observe  that  the  increase  in  the  various  classes 
continues  most  favourable,  and  it  is  gratifying  to  notice  that  the 
accession  of  Foreign  Members  is  also  on  the  increase.  Your  C!ouncil 
would  wish  to  put  out  that  amongst  the  latest  additions  to  the  class 
of  "  Foreign  Members  "  a  large  number  of  the  Telegraph  staflF  of 
the  Argentine  Republic  has  been  added  to  the  Society  by  the 
recommendation  of  Mr.  Charles  Burton,  Director-Greneral  of  Tele- 
graphs and  the  Society's  Honorary  Secretary  for  the  Argentine 
Bepublic.  Amongst  the  accession  of  other  Members  may  be  men- 
tioned the  praiseworthy  example  of  the  Brazilian  and  the  Eastern 
Submarine  Telegraph  Companies,  who  have  nominated  their  various 
Superintendents  and  Electricians  as  candidates  for  the  Socieij, 
giving  the  world  a  most  favourable  proof  of  the  position  occupied 
by  the  Society,  and  of  the  benefit  and  good  it  is  calculated  to  confer 
upon  the  Officers  of  large  Telegraph  Companies.  It  is  a  matter 
of  regret  that  some  few  names  will  cease  to  be  seen  on  the  list  of 
our  Members,  and  we  cannot  leave  the  subject  without  a  notice  of 
the  sad  loss  the  Society  has  received  in  the  death  of  a  Member  who 
was  well  known.  We  allude  to  Mr.  Bickett,  one  of  our  early 
Members,  who  unfortunately  met  with  an  untimely  end  in  the  exe- 
cution of  his  duty  by  the  foundering  of  the  steam-ship  "  La  Plata" 
in  a  recent  heavy  gale. 

The  Council  have  been  at  some  expense  in  fitting  up  and  fhr- 
nishing  the  rooms  at  4,  Broad  Sanctuary,  as  Library  and  Office, 
and  on  the  presentation  of  the  accounts  it  is  probable  the  cash 
balance  will  not  be  so  favourable  as  last  year ;  it  must,  however,  be 
remembered  that  the  amount  of  money  so  expended  will  stand  as 
assets  in  the  Society's  books. 

Difficulty  is  experienced  in  the  collection  of  subscriptions,  and 
tlie  Council  must  urge  upon  Members  the  importance  of  their  sub- 
scriptions being  forwarded  in  duo  course. 
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During  the  year  the  CouDcil  have  made  the  following  additions 
to  the  number  of  Local  Honorary  Secretaries : — 

Don  Ramon  Pias,  ^ 

Director-General  of  the  Chilian  v  CHILI. 
Telegraphs,  Santiago  J 

Charles  Burton,  ^ 

Director-General  of  the  Argen-  >  ARGENTINE  REPUBLIC. 
tine  Telegraphs,  Buenos  Ayres  J 

C.  L.  Madsbn,  ^ 

Great  Northern  Telegraph  Com-   >  DENMARK. 
pany,  Copenhagen  J 

J.  M.  COLLKTTE,  ^ 

Engineer  of  the   Netherlands      >  NETHERLANDS. 
Telegraphs,  The  Hague  J 

Your  Council  are  about  filling  up  the  vacancies  for  France  and 
other  places,  and  it  is  hoped  that  shortly  the  most  important  Tele- 
graph countries  of  the  world  will  be  represented  by  the  Society's 
local  Secretaries.  It  may,  however,  be  satisfactory  to  obsei^ve  that 
the  appointment  of  Local  Honorary  Secretaries  has  been  pro- 
ductive of  much  good  to  the  Society. 

The  following  is  a  list  of  the  gentlemen  who  now  occupy  that 
position : — 

LOCAL  HONORARY  SECRETARIES. 

Le  Commandeur  E.  D'Amico,  "| 

Director-General  of  the  Italian  >  ITALY. 
Telegraphs,  Rome  J 


J.  M.  COLLETTB, 

Engineer  of  the  Netherlands 
Telegraphs,  The  Hague 

FriS:d£rig  Delaroe, 

Engineer  of  the  Belgian  Tele- 
graphs, Brussels 


NETHERLANDS. 


BELGIUM. 
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C.  L.  Madben,  ^ 

Great  Northern  Telegraph  Com-  I  DENMARK. 
panj,  Copenhagen  j 


C.  Nielsen, 


U-, 


Director-General  of  the  Norwe-  V  NORWAY. 
gian  Telegraphs,  Christiania     J 


Don  Ramon  Pias 

Director-General  of  the  Chilian  V  CHILI. 
Telegraphs,  Santiago  J 


dlian  v 


Charles  Burton,  ^ 

Director-General  of  the  Argen-  I  ARGENTINE  REPUBLIC. 
tine  Telegraphs,  Buenos  Ajres  J 


Colonel  D.  Robinson,  R.E., 

Director-General  of  India  Tele-  WNDIA 
graphs,  Calcutta  J 


I 


W.  E.  Ayrton, 

Professor  of  Natural  Philosophy, 
Imperial  College,  Yokohama, 
Japan 


JAPAN. 


The  President  found  himself  unable,  on  account  of  absence  iJ)road 
on  ofBcial  duties,  to  give  the  annual  soiree  at  the  usual  time  of  year. 
It  was  consequently  held  late  in  the  year,  and  has  been  generally 
characterised  as  one  of  the  most  successful  scientific  soirees  ever 
known.  By  the  kindness  of  the  Council  of  King's  College,  the 
libraries,  laboratories,  and  museum  of  the  College  were  placed  at  the 
disposal  of  the  President;  and  by  the  cordial  co-operatioD  of 
Members  of  tlie  Society,  and  of  gentlemen  outside  the  Sodeiy  but 
who  are  connected  with  science,  an  exliibit  of  instruments  and  ap- 
paratus of  high  scientific  merit  was  obtained,  many  of  great  novelty 
and  utility.  The  President  desires  to  tender  his  thanks  to  aU  those 
who  contributed  so  well  to  the  success  of  tlie  evening. 

During  the  yeai*  two  numbers  of  the  Journal  have  appeared ;  the 
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third,  completing  the  last  session,  is  now  in  print,  and  will  shortly 
be  published. 

Ths   following  gives   a   resumd  of  the  various   Meetings   held 
throughout  the  year : — 

January  14. — President's  Inaugural  Address. 

January  28. — Adjourned  Discussion  on  Mr.  G.  E.  Preece's  Paper 
on  "  Underground  Telegraphs." 
^^  An  Attempt  at  a  familiar  Explanation  of  the  Duplex 
Principle,"  by  R.  S.  Culley,  V.P. 

February  11. — "  On  the  Application  of  Electricity  as  a  means  of 
Defence  in  Naval  and  Military  Warfare,"  by  Natha- 
niel Holmes. 

February  25. — "  On  Military  Torpedo  Defence,"  by  Nathaniel 
Holmes. 

March  11. — "  On  an  improved  Double-current  Telegraph  Key," 

by  J.  J.  Fahie. 
"  On  Mr.  Latimer  Clark's  Method  of  Measuring  Differences 

of  Electric  Potential,"  by  Professor  Adams,  F.RS. 
"  Condensers  in  connection  with  Duplex  Telegraphy,"  by 

R.  S.  Culley. 

March  25. — "  On  the  Decay  and  Preservation  of  Telegraph 
Poles,"  by  William  Langdon. 

April  22. — "  Deep-Sea  Sounding  for  Telegraph  and  other  pur- 
poses by  the  use  of  Pianoforte  Wire,"  by  Sir  W. 
Thomson,  President. 

May  15. — Discussion  on  Mr.  Langdon's  Paper  "  On  the  Decay 
and  Preservation  of  Telegraph  Poles." 
"  On  the  Change  of  Resistance  of  High  Tension  Fuzes  at 

the  moment  of  Firing,"  by  Major  Malcolm,  R.E. 
"  Notes  on  Electric  Fuzes,"  by  Professor  Abel,  F.R.S. 
November  11. — "Faults  in  Submarine  Telegraph  Cables,"  by  J. 
J.  Fahie. 

November  25. — "  On  Earth  Borers  for  Telegraph  Poles,"  by 
John  Gavey. 

Decebiber  9. — Annual  Report. 

"  The    Telegraph    and    the    Ashantee   War,"    by   Lieut. 
Jekyll,  R.E. 
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In  addition  to  the  above-mentioned  papers,  the  Journal  contabs 
a  series  of  original  commimications,  among  which 


"  On  the  Use  of  Electro-Magnetic  Induction  in  Cable  Sig- 
nallmg,"  by  G.  K.  Winter,  F.RA,S. 

"  Indian  Telegraph  Iron  Wire  Grauge,"  by  Capt  Malloce. 

"  A  Method  of  Duplex  Working,"  by  H,  C.  Makck. 

"  Indian  and  American  Telegraphs,"  by  David  Brooks. 

Besides  others  in  course  of  publication. 

The  Abstracts  and  Extracts  contain  a  mass  of  varied  information, 
both  scientific  and  practical,  collected  from  various  sources,  and  it 
is  intended  by  the  Editing  Committee  that  the  useful  scope  of  this 
portion  of  the  Journal  shall  be  largely  increased. 

The  following  have  already  appeared  : — 

Abstracts  and  Extracts  : 

"  Comptes  Rendus,"  by  Dr.  Paget  Higos. 

"  On  the  Magnetisation  of  Steel,"  by  M.  Bouty. 

"  Calorific  Efiects  of  Magnetism  in  an  Electro-Magnet  of 
several  Poles,"  by  M.  A.  Cazin. 

"On  an  Electro- Automotor  Whistle  for  Locomotives,"  by 
Messrs.  Lartigue  and  Forrest. 

"  Action  of  the  Electric  Fluid  upon  Gases,"  by  M.  Netee- 

NEUF. 

"  On  a  new  Couple,  prepared  specially  for  the  Application 
of  Continuous  Currents  to  Therapeutic  Purposes,"  by 

M.  J.  MORIN. 

"  On  the  Measure  of  the  Electromotive  Force  of  Batteries 
in  absolute  units,"  by  M.  A.  Crova. 

"  An  Apparatus  for  Signalling  Automatically  the  presence 
near  a  ship  of  Icebergs,"  by  M.  R.  F.  Michel. 

"  A  new  Thermo-electric  Pile,"  by  M.  Clamond. 

"  On  Chemical  Dynamics,"  by  M.  Becquerbl. 

"  On  the  Elementary  Law  of  Electro-Dynamic  Acti(m,"  by 
M.  Moutier. 
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"  On  the  Depth  of  a  Magnetised  Stratum  in  a  Steel  Bar," 
by  M.  Jamin. 

"  On  tlie  Determination  of  Simple  Substances  by  the  Action 
of  Battery  Currents  in  the  Voltameter,"  by  M.  E. 
Martin. 

"  On  the  Mean  Section,  Polar  Surfaces,  and  Armatures  of 
Magnets,"  by  M.  Jamin. 

"  On  Electric  Chronographs,"  by  M.  Marcel  Deprbz. 

"  On  Phenomena  of  Sta.tic  Induction  produced  with  the 
RuhmkorfF  Coil,"  by  M.  E.  Bichat. 

"  On  Electro-Static  Phenomena  in  Batteries,"  by  M. 
Alfred  Angot. 

"  Researches  on  Electric  Transmission  by  Ligneous  Sub- 
stances," by  the  Count  bu  Moncbl. 

Ditto.     No.  2. 

"  On  tlie  Action  of  two  Current  Elements,"  by  M.  T. 
Bertrand. 

"  Geometrical  Illustrations  of  Ohm's  Law,"  by  Professor 
G.  C.  Foster. 

"  Argentine  Telegraphs." 

"  The  Electromotograph,"  by  T.  A.  Edison. 

"  On  the  Fall  in  Pitch  of  Strained  Wires  through  which  a 
Galvanic  Current  is  passing,"  by  Dr.  W.  H.  Stone, 

"  On  certain  remarkable  Molecular  Changes  occurring  in 
Iron  Wire  at  a  low  red  heat,"  by  W.  F.  Barrett, 
F.C.S. 

"  On  the  Relationship  of  the  Magnetic  Metals,"  by  W.  F. 
Barrett,  F.C.S. 

"  On  Earth  Currents,"  by  L.  Schwendler. 

Abstracts  from  the  various  scientific  Journals  are  in  the  press,  con- 
tributed by  various  Members  of  the  Society,  who  have  been  aiding 
the  Committee  in  this  useful  work.  It  is  to  be  hoped  that  ultimately 
this  section  of  the  Journal  will  contain  abstracts  and  resumes  of  all 
the  Electrical  and  Telegraphic  articles  which  may  appear  in  the 
liome  and  scientific  jom'nals  of  the  period. 
vol.  hi.  2  I 
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The  attention  of  Members  has  been  frequently  called  to  the 
necessity  of  their  contributing  Papers  and  Communications  for  the 
benefit  of  the  Society,  and  recently  the  following  circular  was 
issued : — 


Society  of  Telegraph  Enqineebs, 

4,  Broad  Sanctoaij. 

The  Secretary  is  desired  to  bring  before  the  notice  of  Members  and 
Associates  that  the  Society's  usual  Meetings  will  be  resumed  early 
in  November,  and  that  these  Meetings  are  not  held  fortnightly,  but 
on  the  second  and  fourth  Wednesday  in  the  month,  due  notice  being 
given  of  the  exact  days  of  meeting. 

It  is  desirable  that  Members  who  are  willing  to  contribute  papers 
to  be  read  during  the  ensuing  Meetings  should  forward  them  to  the 
Secretary  at  an  early  date,  in  order  that  they  may  be  approved  by 
the  Council,  and,  when  deemed  necessary,  printed  for  distribution, 
in  order  to  invite  discussion. 

The  Secretary  is  also  desired  to  call  the  attention  of  Members  to 
the  subject  of  "  Papers"  and  "  Communications,"  and  to  invite 
Members  to  forward  articles  of  both  classes,  in  order  that  the 
interest  of  the  Society  and  its  Members  may  be  maintained. 
"  Papers  "  are  deemed  to  be  Original  Communications  of  such 
interest  as  are  worthy  to  be  read  before  the  Meetings,  in  order  that 
the  special  points  referred  to  in  the  Paper  may  be  brought  before 
the  Members  and  discussed,  so  that  the  progress  of  Telegraphy 
may  be  advanced.  These  Papers,*  with  their  discussions,  will  be 
subsequently  published  in  the  Journal. 

"  Communications  "  may  be  termed  short  Papers  on  various  new 
and  interesting  points  which  frequently  arise  in  the  every-day 
working  of  tlie  Telegraph,  and  which  it  is  not  only  interesting 
but  important  that  the  general  body  of  Members  should  know. 
Various  forms  of  Communications  may  be  seen  in  the  Journal. 
And  the  attention  of  Members  is  specially  invited  to  the  forwarding 
of  such  Communications,  for  it  may  be  safely  relied  upon  that  the 
frequent  publication — whether  before  the  Meetings  or  in  the  Joomal 
— of  points  new  to  Members  which  have  been  elucidated,  will  be  of 
most  material  value  to  all  Telegraph  Engineers  and  to  the  ^ropess 
of  Telegraphy. 
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Such  Communications  will  be  read  before  the  Meetings  as  may 
be  deemed  desirable,  and  subsequently  printed  in  the  Journal. 

A  list  of  subjects  on  which  it  is  desirable  that  Papers  should  be 
contributed  is  attached. 

Geo.  £.  Freece,  Secretary. 

NoTember  2iid,  1874. 


Subjects  fob  Papebs  and  Communications. 

On  the  Action  of  Radiation  on  the   Electric  Conductivity  of 
Selenium. 

On  Lightning  and  Lightning  Protectors. 

On  Duplex  Telegraphy. 

On  Duplex  Telegraphy  as  applied  to  Submarine  Cables. 

On  the  Action  of  Marine  Life  on  Submarine  Cables. 

On  Surveying  and  Dredging  to  find  Proper  Boutes  for  Submarine 
Cables. 

On  the  Durability  of  Submarine  Cables. 

On  Machinery  for  the  Submersion  and  Recovery  of  Submarine 
Cables. 

On  Cables  for  Rivers,  Canals,  Ac. 

On  the  Localisation  of  very  Minute  Faults  in  considerable  lengths 
of  Submarine  Cables. 

On  the  Manufacture  of  Iron  Wire  for  Telegraph  Purposes. 

On  the  Preservation  of  ton  Wii'e  in  the  vicinity  of  Towns  and 
Manufactories. 

On  the  Gauge  of  Wire  for  Long  Circuits,  and  the  advantage  of 
using  Wire  of  a  higher  Conducting  Material  than  Lron. 

On  the  Manufacture  of  Gutta  Percha  for  Insulating  Purposes. 

On  the  Manufacture  of  India  Rubber  for  Insulating  Purposes. 

On  the  Change  of  Insulation  of  Material,  whether  Gutta  Percha 
or  India  Rubber,  with  Change  of  Temperature  and  Climate. 

On  the  Residual  Charge  or  Polarization  of  Insulating  Materials 

On  Electrometers,  specially  with  regard  to  a  Cheap  Form  of 
Electrometer.  • 

2i2 
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On  tlio  best  System  of  laying  Underground  Wires. 

On  the  Maintenance  of  Underground  Telegraphs. 

On  Aerial  Cables,  and  their  Insulation. 

On  making  Joints  in  Underground  Insulated  Wires,  where  a 
large  Number  have  to  be  dealt  with  in  the  open  Air. 

On  the  Effect  of  Residual  Magnetism,  and  of  "  extra  "  Currents 
on  Automatic  Telegraphy. 

On  Automatic  and  Fast-speed  Telegraphy. 

On  the  Relative  degree  of  Accuracy  to  be  expected  from  Sound 
and  Sight-reading  (Morse),  and  on  the  Value  of  the  Morse  Ribbon 
as  a  record  in  Cases  in  Error. 

On  Earth  Currents,  and  the  best  mode  of  observing  them. 

On  Earth  Plates  in  dry  places  and  rocky  localities. 

On  Exj)erience  and  Experiments  bearing  on  the  relative  Con- 
stancy and  Working  Properties  of  dift'erent  Batteries. 

On  the  Theory  of  the  Galvanic  Battery  ;  with  a  Critical  Review 
of  the  Evidence  for  and  against  the  "  Contact  "  and  "  Chemical" 
theories. 

On  Electric  Torpedoes. 

On  Electric  Exploders. 

On  Induction  Machines  for  the  Production  of  Light, 

On  Insulators  of  extreme  perfection  for  Lidoor  Work  and  for 
Laboratory  Experiments. 

On  Induction  in  Overground  Wires. 

On  Line  Insulators. 

On  the  Use  of  Living  Trees  as  Supports  for  Telegraph  Wire. 

On  Geometrical  Illustrations  of  Electrical  Laws. 

On  Field  and  Military  Telegraphy. 

On  Pneumatic  Tubes  as  a  Mode  of  transmitting  Telegrams. 

On  Condensers  of  a  Permanent  Character. 

On  Eloctricity  as  an  Aid  to  Meteorology. 

On  Electric  Signalling  on  Railways  and  in  Trains  in  Motion. 

Too  much  gtress  cannot  be  laid  upon  the  importance  of  such 
communications,  as  they  are  absolutely  essential  to  the  vitality  of 
the*Society.     It  must  be  borne  in  mind  that  those  Members  wlx) 
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are  resident  abroad — and  their  number  is  great  and  rapidly  in- 
creasing— can  only  have  their  interest  maintained  in  tlio  Society 
by  the  excellence  of  the  Journal,  for  by  that  means  they  are  kept 
au  courant  as  to  the  progress  of  the  Society  itself,  but  more  espe- 
cially as  to  the  progress  of  electricity  and  telegraphy ;  and  it  is 
the  aim  of  the  Council  never  to  relax  their  efforts  until  the  Journal 
has  become  as  complete  and  as  j)erfect  a  source  of  knowledge  and 
information  as  can  be  possibly  accomplished. 

Now  that  the  Society  has  obtained  offices,  which  draw  from  the 
revenue  a  large  amount  of  money,  it  has  been  felt  incumbent  upon 
them  to  bring  before  the  Members  individually  the  necessity  of  a 
greater  support  to  the  "  Publishing  Fund;"  so,  shortly,  a  circular 
will  be  issued  to  Members  inviting  their  increased  support  and 
hearty  co-operation.  Without  such  assistance,  the  Council  feel 
tliat  they  will  be  unable  to  make  the  Journal  what  they  wish, — a 
standard  work,  forming  a  most  complete  and  reliable  source  of  in- 
formation for  the  guidance  of  every  Telegraph  Engineer,  Elec 
trician,  and  Administrator,  regarding  authenticated  progress  in 
telegraphic  science.  Abundant  testimony  has  been  already  re- 
ceived, both  at  home  and  abroad,  of  the  value  of  the  Journal,  and 
it  is  to  be  trusted  that  that  testimony  will  ever  be  on  the  increase. 

The  remarks  of  the  President  upon  the  important  question  of 
^'  TeiTCstrial  Electricity  "  have  opened  up  a  wide  field  for  research, 
and  assistance  has  been  offered  to  the  Society  from  many  directions 
to  aid  in  the  elucidation  of  this  question  by  the  periodical  observa- 
tion of  **  earth  currents."  By  a  continued  and  careful  series  of 
observations,  taken  from  different  parts  of  the  world,  results  may 
be  finally  obtained  which  will  throw  immediate  light  on  this  ab- 
truse  problem ;  and,  with  the  view  of  obtaining  united  action,  a 
Committee  has  been  formed  for  deciding  upon  a  uniform  system. 
Your  Council  hope  that,  with  the  advice  and  assistance  of  the 
President,  Sir  William  Thomson,  a  definite  code  of  rules  may  be 
decided  upon,  which,  being  issued  to  the  Members  of  the  Society 
scattered  over  the  world,  will  at  once  establish  such  a  body  of  ob- 
servers that  only  a  Society  such  as  the  Telegraph  Engineers  could 
possibly  accomplish,  numbering  as  it  does  such  a  vast  quantity  of 
skilled  scientific  observers. 

Tlie  President,  in  resigning  his  functions,  has  great  pleasure  m 
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announcing  to  the  Members  that  Mr.  Latimer  Clark  has  accepted 
his  nomination  to  that  office  for  the  ensuing  year ;  and,  from  the 
well-known  practical  experience  and  scientific  attainments  of  the 
President  elect,  and  from  his  frequent  and  active  attention  to  the 
interests  of  the  Society,  he  feels  sure  that  its  status  will  be  still 
further  improved,  and  that  the  prosperity  which  has  attended  it 
will  continue,  so  that  our  Society,  which  has  already  taken  up  so 
high  a  position  in  the  scientific  world,  will,  by  his  presence  and 
exertions,  be  raised  still  higher. 

The  Council  congratulates  the  Society  that  the  hopes  which  they 
expressed  in  the  closing  paragraph  of  last  year's  Report  have  been 
more  than  fulfilled,  and  at  the  next  Annual  Meeting  they  trust  to 
meet  the  Members  with  the  assurance  that  the  Society  has  still 
further  enlarged  its  scope  for  utility  for  the  general  benefit  of  applied 
science,  and  for  the  universal  progress  of  Telegraphy. 

The  Chairman  :  Before  we  proceed  further  with  the  business, 
it  is  only  becoming  on  our  part  to  take  some  notice  of  the  very  sad 
loss  the  Society  has  sustained  and  the  sad  bereavement  which  has 
occurred  in  the  recent  loss  of  the  vessel  "  La  Plata."  I  do  not  feel  so 
much  sympathy  for  the  gallant  fellows  who  have  gone  down  in  her, 
because,  like  soldiers,  they  have  died  in  iite  discharge  of  their 
duty ;  but  we  must  feel  the  deepest  sympathy  for  those  who  are 
left  behind,  and  especially  for  the  relatives  of  our  six  professional 
brethren  who  have  lost  their  lives  in  this  sad  catastrophe.  One  of 
them  was  a  member  of  this  Society,  another  I  am  sorry  to  say  was 
a  relative  of  our  President.  It  is  the  duty  of  every  Member  of 
this  Society  to  do  his  utmost  to  aid  in  the  subscriptions  which  are 
being  raised  for  the  benefit  of  the  families  thus  suddenly  bereaved. 
There  are  many  vacant  chairs  at  the  fireside  to-night,  and,  consider- 
ing that  we  as  members  of  the  same  profession  may  at  any  time  be 
called  upon  to  follow  in  their  footsteps,  it  is  at  once  our  interest  and 
our  duty  to  help  to  the  best  of  our  power  those  who  are  left 
behind.  It  is  now  my  duty  to  move  that  the  Report  just  read  be 
adopted,  and  printed  for  circulation  among  the  Members. 

The  Resolution  was  unanimously  adopted. 
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The  following  paper  was  tlien  read : — 


THE  TELEGRAPH  AND  THE  ASHANTEE  WAR 

By  Lieut.  Jekyll,  R.E. 

Before  commencing  my  narrative  of  the  Construction  and  Work- 
ing of  the  Electric  Telegraph  during  the  late  campaign,  it  will  bo 
necessary  to  sketch  very  briefly  some  of  tlie  earlier  events,  in  order 
to  render  intelligible  what  follows,  and,  for  the  same  reason,  I  shall 
have  to  allude  in  the  course  of  my  remarks  to  concurrent  events, 
which,  although  in  themselves  foreign  to  my  subject,  yet  have  so 
direct  a  bearing  upon  it,  that  it  will  be  less  confusing  to  mention 
than  to  omit  them. 

As  you  are  doubtless  aware  it  was  originally  intended,  in  view 
of  the  notorious  deadliness  of  the  West  African  climate,  to  carry 
on  the  war  by  means  of  native  levies,  led  by  English  officers 
alone,  raised  from  among  the  friendly  tribes  of  the  Coast,  and  it 
was  only  in  the  event  of  the  failure  of  this  desirable  end  that 
the  employment  of  white  troops  was  contemplated ;  but,  as  it 
appeared  probable  from  tlie  commencement  that  white  troops  would 
eventually  be  needed,  every  precaution  was  adopted  to  secure  for 
them  a  period  of  service  on  the  Coast  as  short  as  was  consistent 
with  the  complete  attainment  of  the  objects  of  the  war. 

Partly  to  carry  out  these  views,  and  partly  to  facilitate  the 
transport  of  munitions,  a  light  field  railway  was  designed,  the  plant 
for  its  construction  was  rapidly  prepared,  and  shiploads  despatched 
to  the  Coast  as  quickly  as  the  materials  could  be  delivered.  As 
every  preparation  for  the  war  had  been  carefully  and  anxiously 
considered,  and  every  want  which  experience  could  suggest  had 
been  attended  to,  it  might  perhaps  be  asked  how  it  was  that,  the 
use  of  the  telegraph  being  neither  unknown  nor  novel  in  warfare 
of  the  present  day,  no  provision  for  this  means  of  communication 
was  made  at  the  eouimencenient  of  the  campaign. 
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I  believe  I  am  right  in  saying  that  the  question  was  discussed, 
and  decided  in  the  negative,  in  expectation  of  the  focilities  which 
were  anticipated  from  the  railway,  as  well  as  fix>m  the  desire  of 
reducing  to  the  utmost  the  number  of  Europeans  to  be  sent  to  the 
Coast 

The  Greneral  and  the  small  band  of  officers  who  acoompanied 
him  reached  Cape  Coast  Castle  early  in  October.  A  few  dap 
sufficed  to  show  that  the  railway  was  impossible  from  the  nature  of 
the  country,  a  few  more  proved  as  conclusively  that  the  idea  of  native 
levies  was  equally  impossible  from  the  nature  of  the  people. 
Within  a  week  despatches  were  sent  home  which  brought  out 
three  white  regiments,  stopped  the  railway,  and  in  its  place 
ordered  a  line  of  telegraph. 

On  the  receipt  of  the  demand  for  the  telegraph,  measures  were 
at  once  taken  to  provide  a  suitable  equipment.  A  large  quantity 
of  stores  were  ordered  from  manufacturers,  and  a  detachment  of 
twenty-five  non-commissioned  officers  and  sappers  skilled  in  tele- 
graph work  ordered  to  join  the  28th  Company  of  Royal  Engineers, 
which  was  about  to  embark  on  board  H.M.S.  Himalaya  for  con- 
veyance to  the  Coast. 

So  short,  however,  was  the  notice,  that  the  supply  of  stores 
could  not  be  delivered  in  time  to  accompany  the  troops,  and  hence 
it  was  evident  that  the  detachment,  on  reaching  its  destination, 
would  be  kept  in  idleness  pending  the  arrival  of  stores.  This  was 
foreseen  by  Major  Webber,  who,  by  extraordinary  exertions,  and 
with  the  concurrence  and  assistance  of  the  General  Post  OflSoe, 
collected  a  supply  of  stores  equivalent  to  about  30  miles  of  line, 
together  with  two  direct  inkers  and  two  10-cell  Leclanch^  batteries. 
Those  were  forwarded  from  various  dep6t8  by  passenger  and  evwi 
mail  trains  to  Plymouth,  where  they  were  taken  on  board  the 
Himalaya  and  stowed  in  the  officers'  baggage-room. 

The  telegraph  detachment  of  25  men  consisted  of  non-com- 
missioned officers  and  sappers  who,  for  three  years  or  upwards, 
had  been  engaged  exclusively  in  telegraph  work  in  the  service  of 
the   General    Post    Office.      Six    were    experienced    clerks,  the 
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remainder  construction-and-maintenance-men.    All  had  a  thorough 
practical  knowledge  of  the  technicalities  of  the  work. 

We  left  Plymouth  on  the  19th  November,  and,  embarking  the 
2nd  Batallion  Rifle  Brigade  at  Queenstown,  continued  our  voyage 
to  Cape  C!oast  Castle,  where  we  arrived  on  the  evening  of  the 
9th  December,  1873. 

To  return  to  the  operations  on  the  coast  itself.  The  demand  for 
white  troops  having  been  supplied,  preliminary  operations  were  begun 
on  a  small  scale,  commencing  with  the  destruction  of  some  villages 
near  Elmina,  which  harboured  Ashantee  troops.  This  was  shortly 
followed  by  the  break-up  of  the  great  Ashantee  camp  at  Mampon, 
which  up  to  that  time  had  been  a  standing  menace  to  Cape  Coast 
Castle,  and  the  retreat  of  the  main  body  of  Ashantees  northwards 
towards  the  Prah.  This  period  of  the  campaign  culminated  in  the 
battle  of  Abracrampa  early  in  November,  by  which  the  retreat  of 
the  Ashantees  was  converted  into  a  rout,  and  they  were  forced 
with  all  speed  to  evacuate  the  Protectorate  and  cross  the  Prah  into 
their  own  country. 

Meanwhile  other  operations  less  demonstrative  but  no  less  im- 
portant were  in  progress.  The  road  up  to  the  Prah — that  great 
work  upon  which  the  chance  of  success  of  the  expedition  entirely 
depended — was  rapidly  advancing.  First  to  Dunquah,  20  miles 
from  Cape  Coast,  then  to  Mansu,  18  miles  further  still,  through 
mile  after  mile  of  dense  tangled  forest  and  pestilential  swamp,  the 
head  of  the  road  moved  steadily  forward.  At  intervals  of  from 
seven  to  ten  miles  clearings  were  made  and  standing  camps  of  sub- 
stantial and  orderly  huts  constructed  for  the  convenience  of  the 
troops,  and  arrangements  for  a  supply  of  good  water,  stores  for 
food  and  ammunition,  and  such  comforts  as  could  be  provided, 
were  careftdly  made  in  an  incredibly  short  space  of  time.  Thus 
by  the  time  the  Ashantees  were  clear  of  the  Protectorate  the  road 
had  advanced  some  fifty  miles,  and  a  large  body  of  native  labourers 
and  artificers,  organised  and  directed  by  Colonel  Home,  RE.,  were 
busily  carrying  out  the  engineering  works. 

Such  was  the  state  of  aflairs  when  on  the  9th  December  the 
Himalaya  anchored  off"  Cape  Coast  Castle.     Afl»r  a  delay  of  a  day 
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orders  came  for  the  landing  of  part  of  the  telegraph  detachment 
and  a  few  men  of  the  28th  Company  Royal  Engineers ;  the  rest 
were  to  remain  on  board  witli  the  battalion  of  the  Rifle  Brigade 
and  cruise  at  sea  for  three  weeks. 

At  this  time  the  plan  of  the  campaign  was,  on  the  completion 
of  the  road  to  the  Prah,  to  form  a  large  camp  at  Prahsu,  and  there 
assemble  the  entire  force,  with  an  adequate  supply  of  stores,  pre- 
paratory to  the  invasion  of  Ashantee. 

The  road  and  camps  being  as  yet  only  partially  completed,  the 
arrival  of  the  troops  was  premature,  for  so  promptly  had  die 
Government  at  home  complied  witli  the  General's  demands  that 
the  regiments  were  at  Cape  Coast  three  weeks  before  they  were 
expected. 

However,  so  far  as  we  were  concerned,  this  delay  made  no  dif- 
ference, so,  landing  with  fifteen  of  the  men  and  the  Post  Office 
stores  which  we  brought  out,  I  was  placed  by  Colonel  Home  in 
charge  of  the  telegraph  works  and  ordered  to  proceed  with  all 
possible  speed. 

Having  seen  the  stores  safely  landed  and  housed,  I  went  at  once 
to  a  place  called  Beulah,  nine  miles  off,  which  had  been  an 
advanced  post,  and  was  now  occupied  by  a  tribe  of  natives.  They 
had  been  engaged  in  cutting  down  a  large  number  of  bambooa 
which  grew  there  in  great  abundance.  Armed  with  a  large  bag 
of  silver  coins  I  met  the  chiefs,  and,  counting  the  number  of 
bamboos  in  possession  of  each,  made  a  bargain  and  paid  for  them 
on  the  spot.  In  this  way  wo  acquired  in  the  course  of  the  after- 
noon about  400  good  bamboos,  varying  in  length  from  18  to  20 
feet,  and,  though  quite  green,  sufficiently  strong  to  carry  a  light 
wire.  The  next  day  a  party  of  fifty  women  was  sent  out  to  fetch 
some  of  the  bamboos  in,  which  they  did  in  the  course  of  the  evening. 

It  was  now  necessary  to  devise  some  means  of  attaching  insulatoi^ 
to  the  bamboos,  and  this  we  did  in  the  following  manner.  Having 
sawn  off  the  top  of  the  bamboo,  square,  6  inches  above  a  joint,  a  piece 
of  No.  1 1  wire  was  lapped  four  or  five  times  tightly  round  the  top,  io 
prevent  it  splitting,  and  a  plug  of  soft  wood  was  then  driven  in 
with  a  mallet,  until  it  completely  occupied  the  hollow  of  tfie  joint 
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An  auger-hole  was  tbeii  bored  down  the  middle  and  tho  insulator 
screwed  in.  This  plan  answered  perfectly,  and  no  insulator  fixed 
in  this  way  became  loose  while  the  telegraph  remained  standing. 

Wo  were  now  furnished  with  a  gang  of  fifty  natives,  whom  we 
were  to  retain  permanently — that  is  if  wo  could.  They  were  not 
promising  in  appearance,  and  I  was  compelled  to  dispense  with  the 
services  of  those  who  were  less  tiian  4  feet  high.  But  they  had 
with  them  an  intelligent  head  man,  and  by  dint  of  supervision  and 
organisation,  supplemented  by  a  little  Hogging  now  and  then,  they 
turned  out  a  tolerably  useful  body  for  light  work  as  niggers  go. 

Thay  soon  learnt  to  fix  the  laBulators  on  the  bamboos,  and  in  two 
days  fitted  up  a  large  number,  while  some  were  engaged  in  burying 
an  earth-plate  deep  in  the  ground  at  Government  House. 

We  now  commenced  the  construction  of  the  line.  Beginning 
at  a  shackle  on  tlie  roof  of  Government  House,  and  passing  thence 
on  bamboos  through  Uie  streets,  the  wire  followed  the  course  of  tlie 
bush  road.  Our  bamboos  were  set  at  distances  apart  varying  from 
60  to  90  yards ;  tliey  were  planted  two  feet  deep  and  blocked  with 
stones  at  the  foot,  and  at  every  angle  were  supported  by  wire  stays 
secured  either  to  bushes  or  pickets  driven  into  the  ground.  Nearly 
all  bamboos  Have  a  natural  bend,  and  of  this  advantage  was  taken 
in  setting  the  poles,  making  the  bend  oppose  the  tension  of  the 
wire,  and  ut  considerable  angles,  giving  the  pole  a  sensible  inclina- 
tion besides. 
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For  the  first  eight  miles  the  path  wound  among  low  but  steep 
hills  devoid  of  timber-trees  but  covered  with  thick  brushwood. 
For  the  most  part,  our  bamboos  were  tall  enough  to  raise  the  wire 
above  the  growth  of  shrubs,  but  at  the  tops  of  all  the  hills  were 
groves  of  greater  height,  which  could  not  be  so  cleared,  and  when- 
ever these  were  encountered  we  were  obliged  to  resort  to  the  axe. 
At  one  place  the  trees  met  overhead,  and  the  width  of  the  road 
clearing  had  to  be  doubled  for  a  distance  of  half  a  mile  before 
sufficient  headway  for  the  wire  could  be  gained ;  and  then,  owing 
to  the  tortuous  course  of  the  path,  it  was  necessary  to  set  the  poles 
at  very  short  intervals  and  on  alternate  sides,  to  keep  the  wire 
clear  of  contact.  It  took  a  whole  day  to  penetrate  this  thicket,  for, 
independent  of  the  time  occupied  in  setting  so  many  poles,  we  were 
badly  off  for  cutting-tools. 

We  continued  to  advance,  making  progress  at  the  rate  of  about 
two  miles  a  day.  We  should  have  got  on  quicker  had  our  native 
labourers  been  at  all  superior  to  monkeys  in  intelligence  and 
strength.  Their  stupidity  was  equalled  only  by  their  aversion  for 
work.  It  took  some  days  to  teach  them  how  to  unroll  a  coil  of 
wire,  and  ladders  were  implements  which  they  utterly  repudiated. 
There  is,  however,  this  to  be  said,  that  the  best  of  the  people  had 
been  secured  before  we  reached  the  coast,  either  for  the  native 
regiments,  police,  or  engineer  labourers  employed  upon  the  road, 
so  that  the  telegraph  gang  was  by  no  means  a  feir  sample.  In 
fact  tliese  men  were  little  better  than  the  dregs  of  the  Fantee 
population,  and  what  a  depth  of  debasement  is  implied  by  this 
description  none  can  imagine  who  have  not  come  in  contact  with 
the  inferior  African  tribes. 

The  result  was  that  the  greater  part  of  the  work  was  done  by 
our  handful  of  sappers ;  the  labourers  excavated  the  holes,  each  man 
squatted  on  the  ground  and  pecked  feebly  with  the  iron  of  a  pick- 
axe, and  removing  the  earth  witli  his  hands,  while  some  chopped 
the  bushes ;  but  the  moment  the  sapper's  back  was  turned  work 
stopped.  We  therefore  found  it  necessary  to  keep  tlie  gang  in  as 
compact  a  form  as  possible. 

The  wire  was  simply  stretched  hand-taut,  and  was  carried  u|> 
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to  the  end  of  the  pole-work  each  day.     It  was  bound  in  to  the 
insulators  with  a  fine  wire  in  the  ordinary  way. 

In  four  days  wo  reached  the  first  camp,  Inquabim,  seven  miles 
from  Cape  Coast,  where  we  joined  up  one  of  our  instruments  and 
one  of  the  10-cell  batteries. 

A  neighbouring  swamp  to  which  we  ran  a  bare  wire  afforded 
excellent  earth,  and  we  exchanged  good  signals  with  Government 
House.  Throughout  the  operations  we  never  failed  to  find  good 
earth,  as  there  was  always  a  swamp  handy  to  every  camp. 

It  would  have  been  useless  to  set  up  a  permanent  telegraph 
station  so  close  to  the  coast,  so  the  instrument  remained  in  use 
only  until  the  next  camp  was  reached,  when  it  was  shifted  forward 
— for  at  this  time  we  had  only  the  two  which  we  brought  with  us. 

For  a  mile  beyond  Inquabim  the  line  was  continued  on  poles  as 
before.  But  now  the  face  of  the  country  was  beginning  to  cliange, 
and  here  and  there  huge  timber  trees  broke  the  monotony  of  the 
endless  brushwood.  By  degrees  the  trees  increased  in  number, 
and  occasionally  one  by  the  roadside  afibrded  a  poinf  of  support  to 
the  wire. 

We  had  a  supply  of  small  iron  brackets  which  were  very  easily 
fastened  to  trunkc  of  trees  by  means  of  tluree  nails,  and  into  the 
brackets  so  fixed  the  por6elain  insulators  were  screwed. 

As  we  advanced  the  forest  thickened,  and  fewer  and  fewer  poles 
were  needed,  till  at  last  the  line  was  carried  almost  entirely  on  the 
brackets,  and  poles  were  used  only  in  exceptional  places. 

Still  the  rate  of  progress  remained  unchanged,  for,  although  the 
labour  of  setting  and  staying  poles  was  dispensed  with,  there  were 
greater  difficulties  in  the  way  of  running  out  the  wire  and  thread- 
ing it  between  the  tree  trunks,  while  the  density  and  luxuriance  of 
the  undergrowth  and  creepers  appeared  to  increase  at  every  mile. 
Groves  of  bamboos,  too,  were  occasionally  encountered,  and  these 
were  particularly  laborious  to  cut  tlu'ough. 

On  reaching  the  next  camp,  Accroful,  the  instrument  was 
brought  up,  and  commmiication  kept  up  as  before,  while  tlie  line 
was  pushed  forward  to  Dunquah,  twenty  miles  from  CaiH)  Coast, 
an  important  post  and  depot  of  carriers  and  stores. 
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Here  our  first  permanent  oflBce  was  opened.  A  regular  oflSee- 
Iiut  was  built,  and  two  men  stationed,  one  to  act  as  clerk  the  otlier 
as  line-man.     Both  men  lived  in  the  hut. 

Two  clerks  had  been  already  stationed  at  Government  House, 
as  the  duty  there  was  heavier  than  at  the  bush  stations,  and  a  line- 
man had  also  commenced  duty  from  that  end  of  the  line. 

It  was  my  intention  to  post  a  line-man  at  every  twenty  miles, 
furnishing  him  with  a  small  gang  of  four  or  six  native  labourers, 
and  a  supply  of  tools.  His  duty  was  to  patrol  his  lengtli  daily  on 
one  side  of  his  head-quarters,  and  keep  the  line  in  order,  cutting 
back  the  rapid  growth  of  succulent  plants,  contact  with  which 
would  have  involved  a  total  loss  of  current. 

Up  to  tliis  time  the  communication  had  been  twice  interrupted, 
on  both  occasions  by  the  fall  of  trees  across  the  wire.  It  was  easy 
to  foresee  that  this  would  be  our  greatest  source  of  trouble  as 
regarded  maintenance.  By  the  end  of  the  year  we  had  reached 
the  camp  of  Yancoomassie  (Fanti).  Our  small  stock  of  stores  was 
just  exhausted  when  the  joy  fill  news  came  by  wire  that  H.M.S. 
Dromedary,  laden  with  stores,  among  which  was  the  telegraph 
equipment,  had  arrived  at  Cape  Coast.  At  the  same  time,  also, 
the  troopships  returned  from  their  cruise,  and  preparations  were 
made  for  the  debarcation  of  the  regiments.  The  road  was  now 
completed  up  to  Pralisu,  and  the  great  camp  was  in  an  advanced 
state,  while  stores  and  ammimition  poured  in  in  a  regular  stream. 

I  at  once  hastened  down  to  the  coast  to  see  to  the  landing  of  our 
much-needed  stores.  I  found  the  work  already  begun  and  in 
active  progress ;  there  were  wire  and  insulators  in  abundance,  and, 
what  was  quite  as  welcome,  a  goodly  supply  of  excellent  tools, 
besides  instruments  and  batteries,  and  hundreds  of  things  which  it 
is  unnecessary  to  enumerate. 

Having  seen  the  stores  landed,  the  next  thing  was  to  send  them 
up  to  the  working  party,  who  were  begimiing  to  languish  for  want 
of  them  as  a  parched  land  longs  for  rain.  But  I  was  doomed  to 
disappointment.  The  troops  were  landing  and  marching  up  the 
country,  and  they  needed  carriers  for  their  baggage ;  they  must  be 
provided  for  first.  "  If  we  have  any  can*iers  left  after  the  departure 
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of  this  half  battalion  thoy  shall  be  at  your  dLsposal."  Such  was  tlie 
answer  to  my  urgent  appeal.  To-morrow,  perhaps,  we  shall  have 
a  few  to  spare,  but  when  to-morrow  came  there  were  none  to  spare. 
And  so  matters  went  on  for  three  or  four  days. 

On  the  fifth  day  200  carriers  were  definitely  promised.  The 
stores  had  been  waiting,  duly  addressed,  in  loads  of  50  lbs.  to  60  lbs., 
ever  since  they  were  brought  on  shore,  and  the  moment  tlie  200 
carriers  were  told  ofl^  the  loads  were  distributed,  and  I  had  the 
supreme  satisfaction  of  seeing  them  move  ofl^  soon  after  mid-day. 

Judge  of  my  surprise  and  disgust  when  three  hours  later  I  saw 
the  whole  number  returning,  loads  and  all.  It  was  the  day  before 
that  fixed  for  the  landing  of  the  23rd  regiment.  The  carriers  for 
the  regimental  baggage  had  been  assembled  at  Dunquah  and  were 
coming  down  to  the  coast  the  same  evening,  when  intelligence 
arrived  that  the  whole  body  had  deserted ;  this  was  the  cause  of 
the  recall  of  my  carriers ;  they  were  required  to  replace  the 
deserters. 

The  wholesale  desertion  of  carriers  was  now  assuming  alarming 
proportions,  and  almost  threatened  to  paralyse  the  operations.  The 
country  being  cleared  of  Ashantees,  the  people  knew  that  they 
could  bolt  into  the  bush  with  impimity  and  without  fear  of  pur- 
suit— and  numbers  took  advantage  of  their  knowledge.  Of  our 
small  gang  of  telegraph  labourers,  many  disappeared  in  this  way, 
and  we  had  to  replace  them  as  best  we  could  with  men  and  boys 
picked  up  at  the  camps  and  villages  on  the  road. 

Matters  soon  improved,  however,  under  the  energetic  action  of 
the  officers  charged  with  the  duty  of  obtaining  men,  and  the  move- 
ment of  troops  continued  without  further  interruption. 

After  a  delay  of  seven  days,  a  large  supply  of  telegraph  stores 
was  at  length  sent  up  to  Mansu,  and  in  the  course  of  a  few  days 
more  enough  had  been  deposited  at  the  diflerent  camps  to  provide 
for  the  completion  of  the  line  to  Prahsu. 

During  this  irritating  delay  I  had  succeeded  in  obtaining  a  few 
men  by  sending  the  best  of  oui*  labourers  through  the  town  to 
collect  as  many  as  they  could  catch,  rewarding  them  by  giving 
them  charge  of  the  gangs  they  raised,  at  a  high  riate  of  pay.     So 
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in  the  course  of  tliis  week  three  small  parties  of  twenty  each  were 
despatched  to  the  front  with  such  stores  as  they  could  carry,  by 
which  means  the  working  party  was  just  kept  going. 

My  detachment  of  Sappers  was  now  raised  to  its  ftdl  strengtli 
of  twenty-five  by  the  addition  of  the  ten  men  who  up  to  this 
time  had  remained  on  board  ship.  All  now  joined  the  working 
party  except  those  permanently  stationed  in  the  town  and  at 
Dunquah,  and  the  rate  of  advance  was  somewhat  increased,  being 
about  three  miles  a-day. 

But  now  the  exposure  and  hard  work  began  to  tell  upon  the 
men.  Two  were  already  disabled  from  fever;  and  all  the  othera 
suffered  more  or  less  from  attacks  of  short  duration. 

At  MansUy  a  very  important  post,  thirty-six  miles  frt)m  Cape 
Coast  and  sixteen  from  Dunquah,  our  second  permanent  office 
was  opened,  and  we  worked  from  here  to  Cape  Coast,  with  Dun- 
quah intermediate.  A  line-man  was  also  posted  here.  From  this 
point  the  line  advanced  successively  to  Sutah,  Yancoomassie  Assin, 
where  another  line-man  was  stationed,  Barraco,  and  Prahsn.  Com- 
mimication  being  opened  as  each  camp  was  reached,  signals  in  all 
cases  were  good,  and,  with  the  exception  of  a  few  faults  due  to 
falling  trees,  free  from  interruption.  The  office  at  Prahsn  was 
opened  about  the  20th  January,  and  the  line,  seventy-five  miles  in 
length,  was  working  with  four  offices  in  circuit. 

During  the  construction  of  the  line  beyond  Mansu  a  tolerably 
uniform  distribution  of  the  working  party  was  adhered  to. 

First  went  two  experienced  men  with  a  few  labourers,  selecting 
trees  suitable  for  attachments  and  fixing  the  insulators.  Then 
came  an  axe-party  of  forty,  who  cleared  away  the  undergrowth 
and  creepers  to  an  extent  sufficient  to  permit  of  the  wire  being 
run.  Then  the  wire  itself  was  run  out,  stretched,  and  bound  in, 
and  finally  another  axe-party  removed  trees  which  either  were  Gt 
threatened  to  be  in  contact  with  it 

The  selection  of  points  of  attachment  demanded  no  small  amonnt 
of  discrimination.  I  made  it  a  rule  to  avoid  all  medium-sized  trees. 
Very  large  trunks  were  good,  as  no  perceptible  motion  of  swaving 
was  to  be  anticipated  at  the  height  at  which  the  wire  was  fixei 
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Very  small  ones  were  equally  good,  because  their  tops  could  be 
cut  off  immediately  above  the  point  of  attachment,  which  rendered 
them  steady. 

Some  trees,  otherwise  suitable,  had  to  be  passed  by  on  account 
of  the  mass  of  tangled  creepers  with  which  their  trunks  were 
encumbered ;  some,  owing  to  ants  or  other  poisonous  insects  with 
which  they  were  infested. 

The  greatest  pains  were  taken  to  make  the  line  as  secure  as 
possible,  and  to  guard  against  preventible  causes  of  &ilure.  The  staff 
of  workmen  was  so  small,  and  the  distance  to  be  covered  so  great, 
that  I  foresaw  that  a  breakdown  of  any  extent  would  be  attended 
with  delay  disastrous  to  the  advance,  so  that,  though  by  adopting  a 
less  careful  system  a  quicker  rate  of  progress  might  have  been 
achieved,  it  would  have  been  at  the  expense  of  safety  and  ultimate 
progress. 

And  here  I  venture  to  express  an  opinion  that  the  most  import* 
ant  attribute  of  a  military  line  of  telegraph  is  reliability.  Thero 
is  still  a  strong  prejudice  in  the  minds  of  many  military  men 
against  telegraphs.  By  such,  the  applications  of  modern  science  to 
warfare  are  regarded  with  a  species  of  hostile  awe.  It  is  important 
that  the  grounds  for  this  prejudice  should  be  removed,  which  can 
only  be  done,  in  the  case  of  the  telegraph,  by  showing  that  it  is 
reliable.  The  question  most  commonly  asked  at  a  military  telegraph- 
office  is,  ^^  Can  you  send  a  message  to  such  and  such  a  place  ?  " 
Hence  the  principle  to  which,  above  all  others,  I  clung,  was,  within 
the  range  of  possible  precaution,  to  take  such  measures  as  would 
render  this  inquiiy  superfluous.' 

When  the  line  reached  Prahsu,  I  was  in  hospital  at  Cape  Coast, 
utterly  prostrated  with  repeated  attacks  of  fever^  and  a  few  days 
later  I  was  ordered  home. 

Meanwhile  the  troops  had  entered  the  kingdom  of  Ashantee,  and 
it  was  currently  reported  at  Cape  Coast  that  the  war  was  over. 
The  king  was  said  to  have  acquiesced  in  the  conditions  imposed 
upon  him,  and  the  regiments  were  about  to  return  to  the  coast. 
However,  I  had  orders  to  push  on  the  line  beyond  the  Prali,  and 
its  construction  was  continued  as  before.    An  office  was  opened  at 
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Essiaman,  and  afterwards  at  Accrofumu.  This  was  the  furthest  point 
reached,  being  slightly  over  100  miles  from  Cape  Coast,  and  there 
were  at  the  same  time  four  other  offices  in  circuit,  all  working  well 
But  on  attaining  this  place  bad  weather  began  to  set  in.  Numbers 
of  trees  fell  across  the  line  south  of  the  Prah,  and  it  was  found 
necessary  to  withdraw  the  whole  working  party  to  make  good  the 
damaged  portions.  By  the  time  this  was  done  Coomassie  had 
been  taken,  and  the  campaign  was  virtually  at  an  end.  The  forces 
returned  as  quickly  as  possible  to  the  coast,  and  the  instruments 
and  batteries  were  removed  as  the  necessity  for  telegraph  stations 
ceased.     The  line  remained  standing. 

It  is  worth  remarking  that  the  whole  of  the  interruptions  were 
due  either  to  falling  trees  or  to  tlie  failure  of  ebonite  insulators, 
the  special  insulators  sent  out  being  of  that  materiaL  Whether 
they  failed  owing  to  undue  weakness  in  construction,  or  to  the 
effect  of  heat  upon  the  material,  I  am  unable  to  say.  From  what- 
ever cause,  a  great  number  of  cups  split  and  fell  off*  in  two  pieces, 
or  became  detached  from  the  shanks,  in  either  case  permitting  the 
wire  to  fall  to  the  ground.  The  pole  line  and  porcelain  insulators 
stood  well  to  the  last,  the  bamboos  being  particularly  satisfacton*. 
They  had  become  seasoned  while  standing  in  tlie  ground,  and  in 
moist  places  some  were  beginning  to  grow ;  but  not  one  failed. 

It  is  satisfactory  to  know  that  where  bamboos  can  be  procured 
they  may  be  trusted  implicitly  to  carry  a  single  wire.  For  this 
j)urpose  a  bamboo  is  perfection,  combining  strength  with  lightness 
to  a  degree  unattainable  with  any  other  material.  I  am  not  so 
clear  by  what  means  it  would  be  possible  to  attach  more  than  one 
wire,  and  this  it  would  be  valuable  to  know.  An  earth-borer  of  five 
inches  diameter  would  be  of  great  value  in  constructing  a  bamboo 
line. 

We  never  experienced  an  instance  of  malicious  damage  by  the 
natives.  They  regarded  the  telegraph  as  white  man's  fetish,  and 
held  it  in  wholesome  respect  as  such.  The  Ashantees  had  evidently 
heard  tidings  of  it,  and  looked  upon  it  as  a  powerful  charm ;  for 
shortly  after  crossing  the  Prah  the  advanced  parties  discovered  a 
white  cotton  thread  suspended  from  the  ti'ees  by  the  roadaide  for  t 
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distance  of  many  miles,  obviously  in  imitation  of  our  wire.  The 
sensations  of  respect  on  the  part  of  our  own  labourers  was  consider- 
ably heightened  by  receiving  some  severe  shocks  of  lightning  while 
Iiandling  the  wire,  and  at  one  time  I  feared  we  should  suffer 
serious  delay  from  this  cause.  Our  instruments  were  all  furnished 
with  lightning  protectors,  and  none  of  the  coils  suffered,  though  on 
one  occasion  the  line-wire  was  fuzed. 

I 

Before  concluding  I  cannot  resist  mentioning  some  points  of 
general  bearing,  which  have  been  suggested  by  the  experience  of 
the  Gold  Coast. 

First,  as  to  materials— the  most  important  of  these  is  the  wire. 
The  description  which  we  used  was  ordinary  No.  11  galvanized 
iron,  and  it  certainly  is  exceUent  for  the  purpose.  At  this  moment, 
were  I  appointed  to  take  charge  of  telegraphs  in  the  field,  I  should 
certainly  select  No.  11  wire.  Besides  its  special  use  as  telegraph 
wire,  it  is  of  great  value  in  many  descriptions  of  engineer  work. 
The  only  thing  to  be  said  against  it  is  its  weight — viz.  2  cwt  to 
the  mile.  A  strand  wire  of  3  No.  IS's,  twisted,  would  be  nearly  as 
good  and  J  cwt  lighter.  Of  the  various  new  inventions,  such  as 
steel  and  copper  compound  wire,  some  may  be  more  suitable  tham 
anything  hitherto  used,  but  I  should  be  soriy  to  trust  to  anything 
which  had  not  been  fully  and  fairly  tried.  I  purposely  exclude  all 
mention  of  covered  wire,  of  which  we  had  some  coils,  but  which 
were  too  heavy  to  be  carried. 

Next  as  regards  insulators.  My  faith  in  ebonite  has  been  shaken, 
and  I  think  porcelain  far  preferable.  The  light  S.  S.  insulator 
used  by  the  Post  Office  behaved  as  well  as  possible.  It  might 
perhaps  be  made  lighter,  though  I  should  be  loth  to  acquire  this 
advantage  at  the  expense  of  adequate  strength. 

The  direct  Morse  instruments  are  well  suited  for  military  work, 
and  so  also  would  sounders  be,  while  Leclanch6  batteries  leave 
nothing  to  be  desired. 

As  regards  men :  the  clerks  must  be  as  good  as  possible,  and 
must  have  such  a  knowledge  of  engineering  work  as  will  enable 
them  to  rectify  faults  which  occur  in  their  own  offices,  and  to 
localize  fjEiuUs  outside. 
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Our  clerks  were  very  hard  worked.  Each  man  had  charge  of 
an  office  night  and  day,  sleeping  by  his  instrument,  and  liable  to 
be  roused  at  any  hour.  This  was  too  much,  and  points  to  the 
necessity  of  a  considerable  number  of  trained  military  clerks. 
Line-men  must  be  thoroughly  well-trained  in  detecting  and  remedy- 
ing faults ;  they  will  often  have  to  act  under  great  responsibility, 
and  will  be  deprived  of  many  facilities  for  localization. 

I  have  felt  some  reluctance  in  addressing  this  meeting  to-night. 
It  seems  scarcely  worth  while  to  occupy  the  time  of  such  a  number 
of  eminent  scientific  men  with  the  description  of  so  trifling  a  work 
as  the  erection  of  100  miles  of  single  wire  through  a  wood.  But  I 
am  emboldened  to  address  you  by  the  consciousness  of  the  great 
and  growing  importance  of  telegraphy  in  war,  and  in  the  hopes  of 
hearing  a  discussion  on  a  subject  of  such  deep  interest  to  a  military 
engineer.  Military  telegraphy  is  not  yet  as  perfect  as  we  hope  it 
will  be  soon,  and  as  the  experience  of  Members  of  this  Society  will 
help  to  make  it.  The  suggestions  and  experience  of  practical  men, 
gathered  in  all  parts  of  the  world,  and  under  all  circumstances  of 
climate  and  locality,  will  materially  advance  the  science  of 
telegraphy  as  applied  to  war,  and  these  it  is  which  the  Members  of 
this  Society  are  peculiarly  qualified  to  give. 

Mr.  Bell  asked  whether  the  bamboos  were  sufficiently  strong  to 
admit  of  ladders  being  placed  against  them  in  the  erecting  of  the 
wire? 

Lieut  Jekyll  replied,  that  step  ladders  were  used,  which  did 
not  touch  the  bamboos  at  all. 

Lieut.-Col.  Home,  B.E.,  said:  As  I  commanded  the  Boyal 
Engineers  during  the  Ashantee  Expedition,  perhaps  you  wiD  not 
object  to  hear  a  few  words  from  me.  Before  making  any  remarks 
upon  the  telegraph  and  the  plan  which  Lieut.  Jekyll  has  told  you  of, 
I  would  make  a  few  remarks  on  what  he  has  not  told  you  of;  and 
rather  deal  with  sins  of  omission  than  those  of  commission.  I  should 
like  to  say,  in  the  first  place,  how  admirably  he  himself  worked — ^how 
he  watched  the  progress  of  his  wire,  and  how  everything  connected 
with  this  telegraph  in  Ashantee  was  attended  to  by  him.  1  feel 
esj^ecial  pride  in  saying  this,  not  only  as  a  brother  ofBoer,  but  as  a 
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member  of  this  Society,  because  I  consider  there  should  be  esprit 
de  corps  amongst  telegraphists,  whether  military  or  civil ;  and  thus 
in  the  Ashantee  campaign ;  whilst  to  those  who,  like  myself,  went 
in  at  one  end  of  the  country  and  through  it  to  the  other  there  was 
a  certain  amount  of  pleasure  and  reward  to  be  obtained,  in  the  case 
of  Lieut.  Jekyll  he  had  the  heavy  drudgery  with  little  reward — a 
good  deal  of  hard  work  combined  with  the  exercise  of  a  consider- 
able amount  of  skill.  To  him  and  to  other  officers  in  the  Post 
Office  Telegraph  Staff  I  feel  too  much  credit  cannot  be  given. 
When,  after  the  capture  of  Coomassie,  I  was  returning  to  the  coast, 
I  was  told  by  an  officer  that  on  some  occasions  a  clerk  was  called 
away  from  one  station  to  go  to  another,  and  was  afterwards  sent 
back  to  his  former  station.  In  the  meantime  a  black  man  had  to 
watch  tlie  instrument,  and  when  the  clerk  came  back  he  read  the 
message  off  and  sent  it  where  it  was  meant  to  go  to.  This  is  a 
thing  which  as  telegraphists  we  may  be  proud  of.  I  think  one  of  the 
advantages  of  this  Society,  to  ourselves  and  others,  is  the  giving  of 
useful  advice  to  one  another.  In  countries  where  universal  service 
prevails,  the  army  commands  the  admiration  of  the  country,  and  the 
service  is  made  complete  in  itself;  but  in  this  country  the  army 
expects,  and  has  always  found,  assistance  from  its  civil  brethren. 

There  are  certain  points  of  telegraphy  which  I  should  like  to 
mention,  in  order  to  centralise  the  discussion  and  not  let  it  wander 
off  into  vague  channels.  What  are  the  ftmctions  of  a  military 
telegraph?  The  fiinctions  of  the  telegraph  in  a  European  war 
in  a  temperate  climate  are  divided  into  three  distinct  heads. 
There  is  the  telegraph  which  connects  the  corps  of  an  army ;  then 
there  is  the  telegraph  which  imites  the  various  moving  portions  of 
an  army.  That  must  be  essentially  a  military  organisation.  We 
must  have  the  means  of  rapidly  laying  down  and  taking  up  the 
wire;  and  the  next  which  follows  in  the  rear  of  that  must  be 
more  or  less  military  in  its  organisation.  But  the  vast  mass  of  the 
telegraph  of  the  army  may  or  may  not  be  military,  and  would  be, 
in  case  this  country  took  the  field,  almost  entirely  a  civil  service, 
because  in  case  of  war  wo  should  be  obliged  to  call  upon  the  Post 
Office  Telegraph  service  to  supply  clerks  to  be  employed  in  the 
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rear  of  ihe  army.  Whether  the  telegraph  material  itself  be  good 
or  bad,  that  is  the  material  we  must  use,  and  on  which  we  can  lay 
our  hands  in  large  quantities — materials  which  a  large  number  of 
people  can  handle,  and  which,  being  articles  of  store  and  trade  ic 
the  country,  you  can  avail  yourself  of  at  once.  Then  with  regard 
to  the  advantage  of  the  telegraph  service  of  this  country  being  ii 
the  hands  of  the  Post  Office  Grovernmeut  authorities,  it  w© 
strikingly  manifested  in  the  instance  of  the  expedition  to  the 
Gold  Coast  The  promptitude  and  despatch  with  which  immense 
quantities  of  telegraph  wire,  with  the  necessary  insti*uments  ani 
all  other  matters,  were  put  on  board  the  '*  Himalaya"  were,  I 
may  say,  unrivalled.  Whether  Mr.  Scudamore,  or  Mr.  CulleVj 
or  Major  Webber  is  to  be  thanked  for  that  I  do  not  know ;  but  the 
rapidity  with  which  the  materials  were  collected  together  and  put 
on  board  ship  deserves  to  be  placed  on  record. 

In  addition  to  the  various  kinds  of  telegraphs  I  have  enumerated, 
there  is  anotlier,  as  compared  with  that  employed  on  the  (Jold 
Coast.  In  the  event  of  the  expedition  landing  from  tlie  Persian 
Gulf  and  advancing  to  Herat,  a  special  class  of  telegraph  would  be 
required,  and  to  that  I  would  direct  attention  for  a  moment.  This 
may  be  divided  into  four  heads :  viz.,  the  wire,  the  insulators,  the 
poles,  and  the  instruments.  The  wire  Lieut.  Jekyll  has  told  us  of, 
for  my  part,  I  think  too  heavy.  In  all  these  expeditions  transport 
is  the  great  difficulty.  The  difficulty  of  the  telegraph  on  the  Grold 
Coast  was  the  transport.  We  had  an  immense  number  of  labourers 
employed,  but  they  were  engaged  in  bringing  up  food  and  ammuni- 
tion,  and  other  articles  essential  in  war.  If  we  had  had  a  wire 
weighing  about  1  cwt.  per  mile,  instead  of  one  weighing  over  2  cwi 
no  doubt  tlie  thing  would  have  gone  on  faster ;  and  I  think  the 
question  of  lighter  wire  is  one  of  the  highest  importance.  A  quan- 
tity of  compound  steel  wire  was  taken  out,  but  Lieut.  Jekyll  did 
not  like  to  use  it,  and  I  agree  with  him  in  his  reason  for  that.  Like 
as  David  would  not  use  Saul's  armour  because  he  had  not  proved 
it,  so  I  think  notliing  in  these  cases  should  be  used  as  experiment 
Consequently,  I  think  the  question,  whether  a  light  copper  wire 
was  likely  to  have  succeeded  in  this  telegraph,  is  one  to  which  the 
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attention  of  the  meeting  might  be  directed.     Then,  with  regard  to 
tlie  insulators,  it  has  been  said  they  were  not  successful ;  but  on  my 
return  I  made  a  close  examination  of  tlie  whole  line.     I  think  I 
looked  at  every  insulator,  and  in  the  whole  length  of  104  miles 
there  was,  I  think,  only  one  damaged  insulator.      That  speaks 
volumes — not  only  for  the  insulators  themselves,  but  for  tiie  care 
exercised  in  the  construction  of  the  line.     It  may  be  that  some  of 
the  insulators  were  fractured  from   being  too   hastily  made  by 
whoever  manufactured  them.    The  style  of  insulator  I  should  prefer 
for  work  of  this  kind  would  be  one  which  could  be  fixed  up  by 
unskilled  workmen,  and  afterwards  finished  ofi^  by  skilled  workmen. 
With  regard  to  instruments,  two  years  ago,  I  had  a  great  argu- 
ment with  Mr.  Preece  on  the  subject  of  instruments.     He  was  in 
favour  of  the  sounder,  while  I  was,  and  am  now,  in  favour  of  the 
recorder.    A  soimder  sounds  its  messages  better  and  wiU  work  very 
fast,  which  is  a  matter  of  consideration  when  a  telegraph  is  worked 
for  the  purpose  of  producing  revenue.     But  a  military  telegraph 
does  not  work  for  revenue,  although  one  message  sent  by  it  may 
be  worth  £7,000  or  £8,000.     One  message  sent  from  Cape  Coast 
to   Gibraltar  was  done  at  a  cost  of  £5,000.     When  you  send 
messages  like  that,  revenue  is  not  a  thing  to  be  thought  of.     One 
advantage  of  the  recorder  is,  you  have  an  absolute  record  of  what 
passes  over  the  instrument ;   and,  in  the  case  of  the  message  to 
which  I  have  just  referred,  I  had  three  positive  proofs  of  the 
message  having  been  correctly  sent.     Now,  to  a  person  in  charge 
of  the  working  of  a  telegraph  it  is  an  enormous  advantage  for  him 
to  be  able  to  say,  "  Here  is  what  the  instrument  said,"  and  of  the 
value  of  that  in  military  messages  there  can  hardly  be  any  discus- 
sion.    It  is  ftirtlier  to  be  considered  that  where  these  expeditions 
liave  been  made  those  engaged  in  them  are  greatly  exposed  to 
fever.     In  Abyssinia,  on  the  Grold  Coast,  and  in  New  Zealand, 
where  these  lines  have  been  made,  fever  is  the  great  enemy.     One 
of  the  remedies  admhiistered  in  cases  of  fever  is  quinine,  and  one 
of  the  effects  of  quinine  is  to  produce  deafness.     On  one  occasion 
I  recollect  going  to  the  station  to  send  a  message  by  telegraph, 
and  when  I  spoke  to  the  man  he  shook  liis  head  and  said  I  must 
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write  it  down.  He  was  deaf  from  the  effects  of  qainine,  and  it 
would  therefore  have  been  impossible  for  him  to  have  worked  with 
a  sounder.  We  were  short  of  clerks  at  the  time,  and  occasionally 
there  was  no  one  to  receive  the  messages  at  the  time  they  were 
sent ;  the  great  advantages  of  the  recorder  instrimient  were  there- 
fore manifest.  Whilst  the  clerk  was  laid  in  bed  the  native  in 
attendance  was  trained  sufficiently  to  be  able  to  take  the  slips 
off  the  instrument. 

With  regard  to  poles,  in  Asia  we  had  both  bamboo  and  trees. 
The  latter  worked  very  well  indeed.  I  had  doubts  whether  they 
would  answer,  but  the  results  of  a  small  piece  of  line  I  made  at 
first  led  me  to  recommend  their  adoption.  There  would  be  no 
difficulty  in  attaching  more  than  one  wire  to  bamboo  poles  by 
putting  a  clip  on  the  top  screwed  on  by  means  of  a  collar.  If 
the  meeting  considers  these  four  subjects — the  wire,  tlie  insulators, 
the  instruments,  and  the  poles,  which  would  be  best  for  use  in  a 
country  where  neither  bamboos  nor  timber  exist — if  the  discussion 
were  confined  to  those  points—some  useful  results  might  be  arrived  at. 

Major  Bateman  Champain,  R.E. :  I  am  not  going  to  detain 
you  with  what  I  might  myself  have  to  say  on  this  subject.  I  did 
intend  to  address  you,  but  only  in  the  place  of  a  gentleman  who 
was  not  present  at  the  beginning  of  the  evening,  but  whom  I  am 
now  happy  to  see  here.  I  allude  to  Major  St.  John,  who  had  charge 
of  the  line  of  telegraphs  used  in  the  Abyssinian  Campaign,  which 
was  not  altogether  unlike  the  one  described  by  Lieut  JekyU. 
Major  St.  John  can  tell  you  the  history  of  that  line.  I  would  just 
say  to  Colonel  Home,  that,  whenever  a  military  telegraph  may  be 
required  in  connection  with  Herat,  we  shall  be  happy  to  help  him 
with  a  permanent  line  for  a  great  part  of  the  distance. 

Major  St.  John,  R.E. :  I  am  sorry  I  arrived  here  too  late  to 
hear  Lieutenat  Jekyll's  paper.  I  heard  some  of  Colonel  Home  s 
remarks,  and  I  have  previously  had  the  pleasure  of  reading  a  com- 
munication of  Lieutenant  Jekyll's,  on  the  subject  of  military  tele- 
graphy, in  the  Engineering  Journal  published  at  Chatham.  In  that 
I  noticed  that  the  most  prominent  defects  in  the  materials  supplied 
to  tiiem,  by  what  depai'tment  of  the  Government  I  do  not  know, 
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were  precisely  the  same  that  I  myself  experienced  in  the  materials 
provided  for  the  use  of  tlie  Abyssinian  Expedition.  In  those  days 
military  telegraphs  were  in  their  infancy,  and  all  we  had  to  go 
upon  was  some  vague  experience  of  the  mode  adopted  by  the  Prus- 
sian Army  in  the  Sadowa  Campaign — experienc>es  valuable  in  them- 
selves, although  they  were  but  little  applicable  to  the  exigencies 
of  an  African  campaign.  The  bracket  insulator  which  Lieutenant 
Jekyll  found  so  useful  failed  occasionally.  The  spike  insulators 
were  perfectly  useless.  I  have  no  doubt  in  the  Ashantee  cam- 
paign, as  in  the  Abyssinian,  we  both  equally  suflTered  from  want 
of  sufficient  means  of  transport  As  far  as  I  was  concerned, 
we  had  no  native  labour,  whereas  Lieutenant  Jekyll  had  the 
benefit  of  that,  such  as  it  was.  I  had  only  a  few  soldiers  here 
and  there,  and  I  had  no  timber  of  any  kind  whatever,  but  was 
entirely  dependent  upon  bamboos,  which  were  sent  from  Bombay, 
and  were  ordered  in  lengths  of  18  feet.  The  ingenious  people 
to  whom  the  order  was  given  however  thought  it  would  be  incon- 
venient to  have  lengths  of  18  feet  ciufried  by  camels,  and  therefore 
they  sent  them  in  two  lengths,  to  be  fitted  together  with  iron 
sockets,  but  they  forgot  to  take  the  precaution  of  tying  the  pairs 
of  bamboo  together,  so  that  when  they  arrived  it  was  impossible  to 
put  the  bamboos  into  their  fellow-pieces,  and  they  had  to  be  used 
either  in  single  pieces  or  tied  together.  I  found  insulators  quite 
tmnecessary  with  bamboos.  Tlie  plan  I  adopted  was  to  cut  slits 
about  six  inches  across  the  tops,  place  the  wire  in  them,  and  take 
two  or  three  turns  round  the  head  of  every  few  poles. 

The  Chairman  :  In  what  length  of  line  did  that  plan  answer  ? 

Major  St.  John  :  I  had  no  difficulty  in  working  without  relay 
100  miles.  The  bamboos  were  old  and  seasoned,  and  I  think  they 
made  quite  as  good  insulators  as  porcelain  as  long  as  rain  was  not 
actually  running  down  them.  The  wire  which  I  took  out  was 
No.  16  B.  W.  G.  copper  wire,  and  it  gave  most  admirable  results 
as  far  as  conductivity  was  concerned.  Its  only  defect  was  that 
the  metal  was  so  extremely  pure  that  where  the  poles  were  shaken 
by  the  camels  the  wire  elongated  to  such  an  extent,  that  in 
many  places  it  had  to  be  tightened  up  again.     Li  some  instances 


478  THE  TELEGRAPH  AND  THE  ASHANTEE  WAR.      [9th  Dec. 

interference  by  the  camek  was  prevented  by  trenches  being  dug 
round  the  poles.  These  answered  very  well,  but  where  the  poles 
were  exposed  the  wire  dropped  lower  and  lower  and  had  to 
be  tightened  up  again.  With  regard  to  the  recorder  instruments 
my  experience  has  led  me  to  an  opposite  conclusion  to  that  of 
Colonel  Home.  I  prefer  the  sounder.  One  of  my  people  got 
deaf  from  the  eflFects  of  quinine.  I  found  the  sounder  instrument 
quicker  in  working,  and  good  clerks  can  do  quite  as  well  or  better 
with  the  sounder  instrument  than  with  the  recorder.  Where  an 
instrument  gets  a  little  shaky  from  use  you  can  get  good  results 
by  sound  where  printing  is  out  of  the  question.  As  I  have  already 
stated,  the  wire  I  used  was  No.  16  B.  W.  G.  pure  wire  and  consisted 
of  about  96  per  cent,  of  copper.  I  have  tried  No.  15  homogeneous 
iron  wire,  which  gave  good  results  when  tested  in  England,  but 
failed  utterly  in  Abyssinia.  I  used  it  to  the  extent  of  about  20 
miles  of  line,  but  I  think  it  was  over- galvanized ;  wherever  the  zinc 
was  rigid  it  broke  in  making  the  ordinary  German  joint.  Spans 
of  100  yards  were  difficult  to  make,  whereas  with  a  No.  16  copper 
wire  I  could  carry  out  spans  of  200  and  300  yards. 

The  Chairman:  What  was  the  difficulty  with  regard  to  long 
spans  with  the  iron  wire  ? 

Major  St  .John,  R,E.  :  It  broke  with  its  own  weight;  it  was  not 
up  to  sample;  and  as  far  as  conductivity  is  concerned  it  was  not 
e([ual  to  the  copper  wire.  If  I  had  had  anything  to  do  with  the 
sending  out  of  the  wire  for  the  Gold  Coast,  I  think  I  should  have 
suggested  a  covered  wire  to  be  carried  through  the  forests. 

Lieutenant-Colonel  Home,  R.E. :  I  thought  of  that  myself,  but 
the  ants  would  eat  through  gutta  percha  and  indiarubber. 

Major  St.  John,  RE. :  Did  you  try  it? 

Lieutenant-Colonel  Home,  R.E.  :  I  did  not  try  it.  I  know  that 
an  indiarubber  pontoon  was  eaten  through  in  a  week,  and  in 
another  week  was  entirely  destroyed  by  the  ants,  and  that  pre- 
vented me  from  asking  for  insulated  wire. 

The  Chairman  :  What  description  of  covered  wire  have  you  had 
experience  with? 

Major  St.  John,  R.E. :  Hooper's.     I  took  out  50  miles  of  il 
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as  a  purely  military  telegraph  for  temporary  purposes,  and  it  came 
back  as  good  as  when  it  was  sent  out,  and  was  not  deteriorated  in 
any  way. 

Mr.  Von  Fisher  Treubnfeld:  I  have  erected  military  tele- 
graphs, and  I  come  to  the  same  conclusion  as  Colonel  Home  as  to 
the  recorder  being  the  most  reliable  instrument.  I  have  used  dial 
instruments,  needle  instnmients,  sounders,  and  recorders,  and  I 
have  decidedly  come  to  the  conclusion  that  the  recorder  is  the  only 
reliable  instrument  for  military  field  service.  I  quite  agree  with 
Colonel  Home  for  the  reasons  he  has  explained.  I  regret  to  hear 
that  an  opinion  prevailed  that  the  compound  wire  could  not  be 
trusted,  because  it  has  not  been  fully  tried.  I  know  it  has  been 
very  extensively  used  in  the  United  States  of  America  with  the 
most  satisfactory  results,  also  in  Brazil  and  even  China,  and  it  has 
everywhere  given  the  greatest  satisfaction.  If  the  compound  wire 
had  been  used  in  the  Ashantee  war,  No.  1 1  gauge,  instead  of  tlio 
wire  weighing  2001bs.  and  more  per  mile,  it  would  only  have 
weighed  651bs.,  which,  in  the  matter  of  rapid  transport,  would 
have  been  of  great  consideration.  In  my  opinion  the  compound 
wire  is  of  all  others  the  very  wire  for  mihtary  telegraphs,  on 
account  of  its  lightness  and  great  strength. 

Mr.  Matthieson  :  There  is  one  point  which  requires  explana- 
tion with  reference  to  the  ebonite  insulators.  Lieutenant  Jekyll 
has  not  explained  that  they  were  spiked  insulators  for  the  purpose 
of  being  driven  into  trees,  and  I  believe  it  was  the  driving  them  in 
with  a  hammer  which  loosened  the  cup  from  the  stem.  Perhaps 
Lieutenant  Jekyll  will  be  good  enough  to  say  how  that  was. 

Lieutenant  Jekyll,  R.E.  :  A  large  proportion  of  the  cups  were 
loose  when  they  were  unpacked,  and  fell  off  as  they  were  taken 
out  of  the  cases. 

Major  Malcolm,  B.E. :  I  attended  the  unpacking  of  some  of  the 
telegraph  stores  returned  unused  from  the  Gold  Coast,  and  I  found 
the  ebonite  cups  had  been  fastened  with  some  compound  which  had 
not  been  successful.  There  is  one  thing  which  Colonel  Home 
should  be  reminded  of  with  regard  to  the  instrument  employed, 
viz.,  that  what  may  be  suitable  in  a  hundred  cases  may  not  be 
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applicable  in  some  particular  case ;  and  I  do  not  see  because  one 
man  may  be  deaf  we  are  to  cast  aside  the  sounder  altogedier. 
Hard  cases  make  bad  law.  No  doubt  in  a  military  campaign  the 
recorder  may  be  a  desirable  instrument  to  employ,  but  I  would 
suggest  that,  before  a  message  is  sent  on,  it  should  be  returned  to 
the  station  from  which  it  originated  and  there  ascertained  if  it  has 
been  correctly  transmitted.  That  would  have  the  advantage  that 
no  mistakes  would  leave  the  office.  The  recorder  is,  of  course,  just 
the  machine  to  discover  who  made  the  mistake  afler  ihe  damage 
has  been  done,  but,  if  you  return  the  message  to  the  office  from 
which  it  originated  before  it  is  finally  transmitted,  you  avoid 
mistakes.  I  may  state  I  tried  to  introduce  that  on  one  short  line 
at  Chatham  last  summer,  and  the  only  mistake  made  during  the 
whole  time  was  that  when  in  one  instance  the  message  was  not 
returned  to  the  office  from  which  it  orignated,  beer  was  ordered, 
when  beef  was  wanted.  There  is  no  difficulty  in  the  use  of  sounder 
instruments,  and  I  believe  it  is  a  growing  practice  with  the  Post 
Office  Telegraphs  to  adopt  them.  I  may  just  mention,  in  illustra- 
tion of  the  great  value  of  the  telegraph  in  the  Ashantee  Campaign, 
that  directly  after  the  capture  of  Coomassie  a  telegram  was  sent  to 
the  general  from  the  Prah  that  the  river  was  rising,  which  fetched 
the  army  back  at  full  speed.  The  absence  of  the  telegraph  might 
have  made  it  impossible  for  the  troops  to  cross  the  river,  and  that 
one  message  therefore  far  more  than  repaid  the  whole  expense  of 
the  telegraph. 

Mr.  W.  H.  Preece  :  I  am  authorised  by  Major  Webber  to  say 
that  whatever  promptitude  and  despatch  was  shown  in  sending  ont 
the  telegraph  stores  for  the  Ashantee  Expedition  was  entir^y  due 
to  Mr.  Scudamore.  He  responded  at  once  to  the  application  made 
to  him  by  the  War  Department,  and  the  whole  establishment  was 
put  under  requisition.  Orders  were  instantly  sent  out,  and  the 
wires  and  other  materials  were  sent  down  to  Plymouth  as  soon  as 
possible.  With  regard  to  the  question  of  sounder  versus  recorder 
instruments,  my  opinion  has  not  in  the  least  been  shaken  by  what 
Colonel  Home  has  said.  I  am  an  advocate  for  reading  by  sound. 
Sounders  ai'c   being   introduced  into  the  Post  Office  Telegraph 
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system  as  fast  as  they  can  be.  Their  great  merit  is,  that,  apart 
from  supplying  an  instrument  of  the  simplest  character,  you  intro- 
duce an  instrument  which  of  itself  produces  that  accuracy  which 
Colonel  Home  is  so  anxious  to  obtain.  The  reason  of  the  sounder^s 
accuracy  is  this :  it  depends  upon  the  ear,  and  when  once  you  get 
a  man  competent  to  read  a  despatch  by  ear  you  secure  a  man  who 
can  send  a  despatch  with  the  same  accuracy,  for  the  hand  follows 
the  ear.  It  is  said  with  regard  to  the  recorder  that  you  have 
sometliing  to  show  afterwards  where  the  inaccuracy  takes  place. 
My  answer  to  that  is,  with  the  sounder  you  have  no  error  to 
record.  It  is  not  because  a  man  is  deaf,  or  that  he  has  lost  one 
sense,  that  he  is  prevented  from  reading  or  receiving  a  message  by 
the  sounder.  It  is  on  record  that  on  the  occasion  of  the  death  of 
one  of  the  Presidents  of  the  United  States  its  announcement  was 
read  in  different  parts  of  the  country  by  every  single  sense  which 
we  possess — generally  by  the  ear,  sometimes  by  the  eye,  in  one 
case  by  the  tongue,  in  another  case  by  the  touch,  and  in  one 
instance  a  blind  girl  read  it  by  smell  (laughter.)  She  placed  her 
nose  above  the  instrument,  which  was  Bain's  chemical  recorder, 
and  thus  deciphered  the  despatch. 

Lieutenant  Jekyll,  R.E. :  I  have  but  one  or  two  remarks  to 
oflfer  in  reply  to  what  has  been  said  on  this  subject.  In  the  first 
place  I  should  say  the  insulators  appeared  to  be  defective  in  manu- 
facture. The  cups  were  loose  upon  the  shanks  when  the  insulators 
were  unpacked,  and  they  were  not  broken  by  the  driving  in  of  the 
spikes,  because  the  spikes  would  not  drive.  With  regard  to  com- 
pound wire,  before  it  could  be  definitely  adopted  as  the  best 
material  for  military  telegraphs  [it  would  be  necessary  to  see 
whether  it  is  useful  for  other  purposes  as  well.  There  is  frequent 
demand  for  wire  for  many  military  engineering  purposes  apart 
from  the  telegraph,  and  if  the  compound  wire  is  not  available  for 
such  it  would  be  no  improvement  to  introduce  it  in  the  place  of 
ordinary  iron  wire. 

The  Chairman  :  I  will  not  trouble  you  with  any  remarks  of  my 
own,  although  I  might  be  able  to  add  a  little  to  the  interesting  dis- 
cussion we  have  had.     I  will  simply  propose  a  vote  of  thanks  to 
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Lieut.  Jekyll  for  the  interesting  and  valuable  and  useful  paper  he 
has  read  to  us  this  evening. 

The  proposition  was  unanimously  adopted. 

The  Secretart  read  the  result  of  the  ballot  for  President  and 
Members  of  Council  for  the  ensuing  year  as  follows  : — 

President. 

LATIMER  CLARK,  C.E. 

Past-Presidents. 

SIR  WILLIAM  THOMSON,  F.R.S.,  LLJ). 

FRANK  IVES  SCUDAMORE,  C.B. 

C1LA.RLES  WILLIAM  SIEMENS,  r.R.S.,  D.C.L.,  M.INBT.C.E 

Vice-Presidents. 

Professor  ABEL,  F.R.S. 
R.  S.  CULLEY,  M.lNST.C.E. 
Professor  G.  C.  FOSTER,  F.R.S. 
C.  V.  WALKER,  F.R.S. 

Members. 
Major    J.   U.    Bateman-Cham-      Carl  Siemens,  M.Inst.C.E. 


PAIN,  R.E. 

II.  G.  Erichsen. 
Edward  Graves. 
Major  Malcolm,  R.E. 
W.  H.  Preece,  M.In8t.C.E. 
Robert  Sabine,  C.E. 


C.  E.  Spagnoletti. 

LlEUT.-CoLONEL  StOTUERD,  RE. 

Cromwell  Fleetwood  Varlet, 

F.R.S.,  M.In8t.C.E. 
Edward  Wildman  Whitehousk. 
Professor  Williamson,  F.R.S. 


Associates. 
Thomas  Angell.  |  John  Bailet. 

Walter  Hancock. 

OFFICERS. 

Auditors. 

J.  Wagstaff  Blundell. 

Frederick  C.  Danvers  (India  Office). 

Hon.  Treasurer. 
Major  C.  E.  Webber,  R.E. 

Hon.  Secretary. 
Major  Frank  Bolton. 

Secretary. 
Geo.  E.  Preece. 
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Mr.  Walter  Hancock  :  I  have  much  pleasure  in  proposing  a 
resolution  which  I  am  quite  sure  will  meet  the  cordial  acceptance 
of  all  present  and  of  every  member  of  the  Society  of  Telegraph 
Engineers.  In  considering  the  business  of  the  last  Session,  our 
warmest  thanks  are  due  to  the  late  President  for  the  active  part  and 
warm  interest  he  took  in  the  proceedings  of  the  Society.  The  name 
of  Professor  Sir  William  Thomson  is  a  household  word  with  every 
electrician,  every  scientist,  and  every  telegraph  engineer.  A  man 
who  has  accomplished  three  things  of  such  importance  as  his  laborious 
investigations  into  the  subject  of  the  speed  of  transmission  of  tele- 
graph messages,  that  marvellously  beautiful  instrument  his  galva- 
nometer, and  that  very  wonderful  yet  simple  instrument  the  quad- 
rant electrometer — these  things  are  sufficient  to  stamp  him  for  all 
time  as  a  man  who  has  left  his  mark  on  electrical  science  and  an 
indelible  mark  on  telegraphy.  I  will  simply  move  the  resolution, 
"  That  the  thanks  of  the  Society  be  accorded  to  Professor  Sir  Wil- 
liam Thomson  for  the  manner  in  which  he  filled  the  chair  during 
the  past  year,  and  for  the  assistance  he  has  afibrded  the  Society  in 
furthering  its  proceedings." 

Mr.  SiVEWRiGHT,  M.  A. :  I  have  great  pleasure  in  seconding,  as  an 
Associate,  the  vote  of  thanks  to  Sir  W.  Thomson  proposed  by  Mr. 
Hancock.  I  can  do  little  more  than  simply  endorse  every  word  he 
has  said.  We  may  consider  ourselves  exceedingly  fortunate  in 
having  had  Sir  William  for  our  President  during  the  past  year ; 
for,  whilst  the  internal  success  of  a  society  like  this  must  to  a  great 
extent  depend  upon  the  exertions  of  the  members  and  the  amount 
of  energy  which  they  throw  into  the  work,  our  status  is  yet  too 
young,  and  we  must  depend  for  success  in  a  great  measure  upon 
the  names  of  those  who  act  with  us  by  becoming  our  officers.  In 
Sir  W.  Thomson  we  have  a  most  distinguished  scientist,  who  now 
stands  in  the  foremost  rank  of  telegraphy,  and,  looking  at  his  year 
of  office,  he  has  been  something  more  than  the  figure-head  of  the 
Society.  In  his  Inaugural  Address  he  pointed  out  what  were  the 
proper  objects  of  the  Society.  He  dwelt  upon  the  usefulness  which 
its  establishment  would  be  in  the  wedding  of  science  with  practical 
application,  and  pointed  out  what  are  now  the  best  means   for 
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securing  this  end.  If  he  had  done  nothing  more  than  this,  we  must 
have  felt  grateful  to  him.  Tet,  at  what  must  have  been  ineonye- 
nience  to  himself,  we  had  the  pleasure  of  his  presence  at  several 
meetings  during  the  year ;  and  his  advice  at  the  meetings  of  the 
Council  was  as  highly  appreciated  as  it  was  readily  given.  We 
wish  Sir  W.  Thomson  should  know  that  in  retiring  fix)m  the  office 
of  President  he  carries  with  him  not  only  the  best  wishes  but  the 
gratitude  of  us  all ;  and  we  can  only  hope  that  future  Presidents 
will  emulate  the  bright  example  he  has  afforded. 

The  resolution  was  put  by  the  Chairman  and  carried  unanimously. 

Colonel  Stotherd,  B.E. :  The  members  of  this  Society  are  no 
doubt  aware  that  by  the  kindness  of  the  President  and  Council  of 
the  Institution  of  Civil  Engineers  we  have  now  had  the  use  of  this 
magnificent  lecture  theatre  for  the  last  three  years.  I  think  the 
conveniences  thus  afforded  have  contributed  materially  to  the  pros- 
perity of  our  Society,  besides  having  enhanced  the  pleasure  with 
which  we  have  listened  to  the  papers  and  discussions  w^hich  have 
taken  place  from  time  to  time.  I  will  not  occupy  your  time  further 
than  to  ask  you  to  pass  the  resolution  which  I  have  now  the  plea- 
sure to  propose,  viz.,  "  That  the  thanks  of  the  Society  of  Telegraph 
Engineers  be  accorded  to  the  President  and  Council  of  the  Institu- 
tion of  Civil  Engineers  for  their  continued  liberality  and  kindness 
in  affording  the  Society  the  free  use  of  this  magnificent  hall  and 
other  apartments." 

Major  Webber,  RE.  seconded  the  resolution,  which  was  unani- 
mously adopted,  and  the  business  of  the  general  meeting'  terminated 
with  a  ballot  for  new  members. 


The  following  Candidates  were  balloted  for  and  declared  duly 
elected : — 

As  Foreign  Members  : — 

Don  Jose  Alice        .         .        .     National  Telegraph  Depart- 
ment, Argentine  Bepubiic 
„     Gamelo  Almaestre  do. 

„     Francisco  Ahuamada        «  do. 
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Don  Jose  Aparicio 

C.  Bachelor    . 

T.  A.  Edison 

Don  F.  de  P.  Garcia 


99 


Luis  Lagore   . 
Juan  Lopez     . 
Pedro  Lopez 
Emilio  Mori    . 
Leon  Schopinski 
Jacinto  Sosa 


As  Associates  : — 

George  Draper 
Lewis  Wells 
Thomas  A.  Bullock 
William  Ash 
Edward  Bull 
George  B.  Stacey 
WiUiam  Tuck 
Charles  Stacey 
Robert  Portelli 
Francis  Harwood 
Benjamin  Smith 
Douglas  Gibbs 
Charles  J.  Murphy 
W.  P.  Binney 
A.  Thomas 

J.  Packham 
C.  M.  Hibberd 
J.  Bedborough 
H.  QuiUey 
C.  W.  Lundy 
E.  H.  Thompson 


National  Telegraph  Depart- 
menty  Argentine  Republic 
Newark,  New  Jersey,  U.S. 
Newark,  New  Jersey,  U.S. 
National  Telegraph  Depart- 
ment, Argentine  Republic 

do. 

do. 

do. 

do. 

do. 

do. 


Eastern  Telegraph  Company 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 
Brazilian  Submarine  Tele- 
graph Company 
Mitcham 

General  Post  OfBce 
Kurrachee 
General  Post  Office 
Leadenhall  Street 
Alipore,  India 


2l2 


486 


NEW  MEMBEKS. 


[9th  Dec. 


W.  K.  Walker 
A.  J.  Faulding 
R  Batchelder 
R.  0.  Bourne 
A.  E.  Newman 

F.  F.  Talbot 
Louis  J.  Daniel 
Henry  Jenvey 
David  Mickle 
Arthur  Oatway 
Martin  Roberts 
Henry  Stokes 
Leonard  Wray 

As  Students  : — 
Basil  Gee 
J.  Kirkman 

G.  H.  Thompson 


Lahore,  India 

West  Drayton 

Bolsover  Street 

Brisbane,  Queensland 

Buenos  Ayres 

Rosario,  Argentine  Republic 

Melbourne 

do. 

do. 
General  Post  Office 
Hackney 

Alexander  Square,  S.W. 
Crosby  House,  Bishopsgate 
Street 

Cambridge  Street,  W. 

Hampstead 

Lee,  Kent 


The  meeting  then  adjourned. 
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DUPLEX  TELEGRAPHY  IN   NEW  ZEALAND. 

By  C.  Lemon, 

New  Zealand  Telegraphs. 

Since  June  18th,  1874, 1  have  successfblly  employed  the  Puplex 
system  on  one  of  the  wires  in  the  Cook's  Strait  Cable.  As  the  system 
I  have  here  perfected  differs  somewhat  from  that  in  use  in  England, 
a  description  may  be  interesting  to  the  members  of  this  Society. 

My  attention  had  been  drawn  to  the  duplex  system  by  an  extract 
from  a  paper  read  by  Mr.  Culley  before  the  Society,  printed  in 
the  Telegraphic  Journal.  In  this  extract  no  minute  details  were 
given,  so  that  it  was  necessary  to  work  out  the  system  from  the 
principles  laid  down.  Starting  with  the  bridge  system,  after  a 
number  of  experiments  dating  from  the  15th  April,  I  succeeded 
on  the  25th  of  the  same  month  in  establishing  a  balance  which  has 
worked  well  under  all  kinds  of  weather.  I  found  in  some  first 
experiments  trouble  from  the  "  kick  "as  it  is  termed  ;  this  defect 
has  now  completely  disappeared.     My  arrangement  is  as  follows : 


Line  (11(1) 


Baittry 
lOOwtiu 


\oo\ 


Earth.  Earifu 


'Earth.     Earffi. 


Eartiv,    EaHh., 


All  figures  Siemens  units. 
Batterj :— 10  cells,  equal  to  nearly  100  units  in  resistance. 
Line :— Wellington  land  line  5  miles,  cable  41  miles,  Blenheim  land  line  12 

mile8=:58  milesz=756  S.U. or  776  S.U. including  the  2  gaWanometers, 

1  at  either  end,  each  of  the  yalue  of  10  S.U. 
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Tho  joint  resistance,  268  at  either  end,  is  composed  of  upper  limb 
800,  lower  limb  400,  relay  400,  back  contact-key  100  (represent- 
ing same  value  as  battery,  so  that  whether  with  key  up  or  down  the 
same,  or  nearly  the  same,  resistance  is  in  circuit).  The  point  from 
D  to  earth,  or  from  E  to  earth,  had  no  resistance  in  when  testing 
for  joint  resistance  of  relay,  limbs,  Ac,  and  the  test  for  joint 
resistance  is  taken  at  E  or  G,  as  the  current  starting  firom  B 
would  measure  the  resistance  at  C,  and  from  there  or  at  that 
point  would  divide,  passing  through  the  relay  and  through  the 
upper  limb  (800).  The  same  would  occur  with  the  current  coming 
from  A  and  arriving  at  E.  This  joint  resistance  at  either  end 
obtained,  the  resistance  of  the  line  is  added  to  the  joint  resistance, 
making  a  total  resistance  of  1,044  units,  and  lialf  this  amount,  520 
S.U.,  comprises  the  artificial  resistance.  It  should  properly  be 
522,  but  the  resistance  I  had  made  only  went  as  low  as  10  units, 
and  comprised  in  all  600  imits,  the  last  100  being  made  up  of  coik 
of  50,  20,  10,  10,  10  units. 

These  proportions  in  the  bridge  (800  and  400)  were  not  arrived 
at  without  some  trouble,  but  the  success  attained  amply  repays  the 
labour.  Most  of  my  experiments  were  conducted  between  9  p.m. 
and  12  p.m.  on  consecutive  nights.  When  once  fairly  started  in 
the  investigation  I  left  no  stone  unturned  to  bring  about  the 
desired  end. 

From  the  arrangement  shown  in  the  plan  I  have  laid  down  a 
formula  by  which  I  can  work  out  the  system  for  the  future  on  any 
land-line  or  cable ;  and  I  have  tried  it  on  land-lines  of  200,  86,  20, 
and  116  miles  (containing  cable  and  land-line)  respectively,  the 
last-mentioned  mileage  comprising  82  miles  of  cable  and  34  miles 
of  land-line.  My  first  experiments  were  made  on  the  Cook's  Strait 
Cable,  and  it  comprised  two  of  the  cable  wires  joined  at  Blenheim, 
so  that  I  had  both  stations  in  my  own  room,  and  was  thus  able  to 
see  and  to  meet  the  difficulties  as  they  arose.  The  figures  below 
would  represent  the  joining  up  of  the  116  miles : — 

>^^f  m.  Und  line.  <41  miles  Cftble.  U  m.  l^w^  Ha*. 

Wellington  ^ 


VreUlnictonl       ^ 

5  m.  I  »ti<t  linv.  41  mllM  c«Me.  IS  m.  UaA  Uim. 
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My  formula,  andjmethod  of  arriving  at  the  same,  is  as  follows : — 


£arth 


f£arih' 


Let  A  be  a  resistance  twice  that  of  B  ;  let  C  be  the  resistance  of 
the  line,  and  D  the  joint  resistance  of  the  relay,  bridge,  and  back 
contact  of  key  at  either  end.     Then,  as  A  is  tolB,  so  is  C  +  D  to 

X,  or  X  =  ^ —  "^i  >  ^^  "^  figures*  if — 

A  =  800  =  the  upper  limb  of  bridge, 
B  =  400  =  the  lower  limb  of  bridge, 
C  =  776  =  the  measured  resistance  of  the  line  including 

galvanometers, 
D  =  268  =  the  joint  resistance  of  either  set  of  apparatus 

as  described ; 
then  X  =  522  =  the  amount  of  resistance  to  be  inserted  in 

rheostat. 
The  relay,  it  will  be  observed,  in  plan  is  equal  to  one-half  the 
upper  limb  of  bridge,  but  I  have  had  as  high  a  resistance  as  527 
and  5J.2  at  either  end.  Of  course  the  joint  resistances  at  either  end 
would  be  more  than  268,  with  the  same  proportion  in  bridge.  The 
relays  which  I  am  working  with  on  the  cable  now  I  have  had 
reduced  to  400  each,  so  as  to  get  a  better  proportion ;  I  may  say, 
however,  that  I  found  the  higher  resistance  relays  work  just  as 
well  and  give  just  as  good  results  ;  and  in  working  duplex  on  any 
of  the  land-lines  I  shall  possibly  not  go  to  the  trouble  of  rewinding 
the  relays  but  use  them  as  they  are. 
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The  condenser  I  use  is  equal  in  capacity  to  (perhaps)  a  little 
more  than  one  micro&rad,  and  one  is  placed  on  each  relay  as  shown 
in  the  plan.  The  condensers  are  so  arranged  that  I  can  increase 
the  nombei*  if  required,  but  up  to  this  time  I  have  found  the 
number  I  use  sufficient. 

The  one  wire  now  carries  on  an  average  a  message  a  minute.  Of 
course  on  so  short  a  line  we  can  work  at  a  very  high  speed — nearly 
26  words  per  minute  each  way.  On  our  first  working  duplex  on 
the  single  cable,  when  joined  up  for  business,  we  sent  one  way  106 
words  in  three  minutes,  and  received  at  the  same  time  87  words, 
making  an  average  of  64  words  per  minute,  or  32  each  way.  Every 
signal  came  out  well  and  dbtinctly,  without  the  slightest  sign  of  a 
"kick." 

After  I  had  obtained  the  proper  balance,  and  whilst  the  apparatus 
was  being  made  necessary  for  the  permanent  working,  I  tried 
several  experiments  (all  my  experiments  being  with  tHe  double 
cable  and  according  to  the  following  diagram) :— 

Cable  and  Line  1666,  as  shown  in  Diagram  2. 


Battery  10  cells  each  end.— Copper  to  line  both  ends.    All  fignres  in  Siemens  nniti. 

I  found  that  after  I  had  obtained  the  proportions  in  rheostat  (as 
per  diagram),  and  everything  was  working  well,  with  capital 
signals  at  botli  ends,  that  I  could  insert  100  units  on  the  line  with- 
out apparently  disturbing  the  balance  or  afiecting  the  signals  in 
the  slightest  degree.     I  was  also  rather  curious  as  to  what  was  the 
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actual  resistance  when  both  currents  were  on  the  line,  and  in  ac- 
cordance with  the  following  diagram  arrived  at  that  result : — 

Line  1566. 


—100 K. 

Sittnena  jK.  ^v,^^^ 


I  tested  with  two  Siemens  universal  galvanometers,  using  the 
line  battery  of  A  and  B  respectively,  and  with  zinc  to  Una — ^the 
above  arrangement  of  galvanometers  taking  the  place  of  keys.  Of 
course,  when  both  currents  were  on  line,  back  contact  of  key  would 
be  cut  out,  and  the  resistance  of  the  battery  inserted  in  place  of 
that  resistance. 

Both  currents  were  put  on  simultaneously,  and  the  vernier 
adjusted  till  the  needle  of  either  galvanometer  was  brought  to 
zero.  The  reading  of  the  arc  at  the  A  end — which  would  be  tlie 
resistance  from  A  to  the  distant  end — gave  127*5  =  1,233  Siemens 
units,  and  that  at  B  treated  in  like  manner  gave  a  reading  of 
128  =  1,264  units. 

The  galvanometer  at  the  B  end  was  more  sensitive  and  the 
needle  much  lighter  than  that  at  A ;  consequently  the  test  at  B 
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(128  =  1,264)  may  be  looked  upon  as  correct;  the  other  end  may 
not  be  so  nearly  correct.  It  takes  some  time  to  get  used  to  an 
instrament,  and  very  likely  the  reading  was  half  a  division  out, 
which,  if  so,  would  bring  it  up  also  to  an  arc  of  128. 

It  would  appear  from  the  test  that  this  resistance  of  the  line  does 
not  enter  into  the  calculation.  For  the  sum  of  the  resistance  at  A 
(that  is,  of  the  joint  resistance  328  and  the  resistance  of  the 
rheostat  944)  is  a  Uttle  more  than  what  the  test  gave  at  A 
(1,233);  whilst  those  at  B  (322  and  947  =  1,269)  are  a  little  more 
than  what  the  test  gave  at  B  (1,264),  so  that  it  may  be  fairly  con- 
cluded when  both  ends  are  sending  the  resistance  of  the  line  is 
practically  nil.     I  may,  however,  be  wrong  in  this  assumption. 

I  also  found  on  the  land  line  of  20  miles  that  I  could — after 
obtaining  the  resistance  and  adjusting  the  rheostat  accordingly— 
insert  a  resistance  of  300  imits  in  the  line  (the  hue  only  measured 
292*1  units),  and  still  work  the  duplex  as  well  as  before. 

I  may  mention  that  I  have  tried  with  copper  at  one  end  of  the 
line  and  zinc  at  the  other,  and  have  obtained  similar  results. 

The  system  was  subsequently  tried  on  the  400  miles  circuit, 
with  a  battery  of  30  cells,  and  their  corresponding  resistance 
inserted  at  back  contact  of  key.  Adaptation  has  also  been  made 
to  cases  of  constant  cmTcnt,  and  this  is  easily  effected  by  simply 
reversing  the  position  of  the  battery  and  back  contact,  so  that 
when  the  key  is  in  its  normal  position  the  current  is  on  the  line. 
Signals  are  made  by  putting  the  front  contact  to  earth  through  the 
resistance  inserted  to  balance  the  battery  placed  at  the  back  con- 
tact. The  battery  must  have  its  poles  reversed ;  but  the  relay  at 
the  distant  station  is  so  placed  as  to  receive  a  current  opposite  to 
that  sent  by  the  battery.  Thus,  if  the  zinc  current  be  sent  to  hne 
the  relay  (one  of  Siemens's  polarised  relays)  will  be  placed  as  if  to 
receive  a  copper  current.  The  local  circuit  is  closed  only  when 
the  front  contact  of  key  is  put  to  earth,  for  the  zinc  (continuons) 
current  acts  as  a  repellant  and  keeps  the  armature  on  the  insulated 
stop.  The  relay  is  so  adjusted  that  when  the  current  is  cut  off  the 
local  circuit  is  closed.  The  joint  resistance,  which  includes  the 
value  of  the  resistance  of  the  battery,  is  first  taken  by  transposing 
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the  resistance  that  is  placed  in  the  front  contact  to  the  back  con- 
tact, and  disconnecting  the  battery  for  the  time.  This  plan  of 
continuous  or  constant  current  is  much  more  simple  than  that 
described  by  Mr.  Culley  as  perfected  by  an  engineer  at  Madras. 

The  method  given  by  Mr.  Culley,  in  which  an  automatic  key  is 
employed  in  the  duplex,  is,  I  consider,  open  to  the  grave  objection 
of  loss  of  battery  power.  The  diagram  (facing  page  400,  fig.  141, 
of  Mr.  Culley's  Handbook  of  Practical  Telegraphy)  shows  that,  at 
the  instant  of  time  when  the  current  brings  down  the  keeper  on 
the  magnet,  there  must  be  a  loss  of  battery  power ;  for  before  the 
spring  is  released  or  thrown  off  the  earth  connection  there  is 
evidently  a  split  circuit,  part  going  to  the  line,  but  the  greater  part 
going  through  x  to  earth.  I  have  made  an  addition  to  Siemens's 
Morse  key,  which  avoids  the  difficulty,  and  does  away  with  the 
"  local  battery  "  circuit  described  in  the  figure  above  referred  to. 

I  have  given  previously  a  diagram  of  a  test  taken  from  both 
ends  of  the  line  at  once,  the  results  of  which  seemed  to  me  to  prove 
that  the  resistance  of  the  line  was  nil  when  both  currents  were  on. 
Subsequently  I  have  made  another  experiment  with  the  aid  of  two 
induction  coils  (each  coil  giving  l^-inch  spark  in  air),  and  I  am 
inclined  to  think  that  the  currents  sent  from  either  end  do  actually 
pass  one  another,  or  at  any  rate  exchange  impulses,  and  so  record 
the  opposite  signal.  It  must  be  borne  in  mind  that,  if  the  currents 
do  not  pass  but  exchange  impulses,  they  obey  the  same  law  as 
two  bodies  in  motion  moving  with  equal  velocity  and  meeting 
each  other.  Any  retrograde  motion  on  the  part  of  either  is  un- 
doubtedly due  to  the  forward  motion  of  the  opposite  body.  My 
experiments  with  the  two  induction  coils  were  made  as  shown  in 
the  following  diagram : — 

Jfo.  I  Vaeuum'aphen.  Vaattim  Tube.  No.  2  Vaemim-^^phert. 


ZndneUow 
Oil/ 


-o*sSr' 


Mditeiion/ 
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The  two  spheres  (IJ  inch  in  diameter)  had  platinum  wire  pointB 
inside  at  a  distance  of  about  half  an  inch,  and  a  platinum  wire  that 
passed  through  from  side  to  side  of  each  sphere  as  shown  in 
diagram.  The  sparking  poles  A  and  G  of  the  two  induction  coils 
were  connected  to  F  and  E  of  the  spheres  and  the  receiving  poles 
B  and  D  of  the  coils  to  G  and  H.  Thus  the  spark  from  No.  1 
coil  would  pass  from  A  to  F,  then  through  the  No.  1  sphere  across 
the  vacuum  tube  on  to  G,  and  back  to  its  own  receiving  pole  B. 
Sparks  from  coil  No.  2  would  pass  from  C  to  E,  then  thronc;h 
No.  2  sphere,  the  vacuum  tube  on  to  H,  and  back  to  its  own  receiv- 
ing pole  D.  By  this  means  the  phenomenon  of  two  currents  of 
electricity  passing  one  another  was  rendered  visible. 

Further,  I  detached  the  two  receiving  poles  from  Q  and  H  and 
joined  them  together,  so  that  the  spark  passing  from  No.  1,  before 
it  coidd  get  back  to  its  own  receiving  pole,  was  forced  to  traverse 
the  secondary  wire  of  coil  No.  2 ;  and  the  spark  from  coil  No.  2 
had  to  do  the  same  as  to  No.  1  before  its  spark  could  reach  its  own 
receiving  pole.  When  the  connections  were  made  in  this  manner, 
now  and  again  (not  continuously)  a  spark  would  pass  in  either  coil 
direct  from  its  own  sparking  pole  to  its  own  receiving  pole. 

With  one  coil  turned  on,  the  light  in  the  spiral  tube  was  of  some 
intensity,  but  with  both  coils  the  light  was  of  double  this  intensity^ 
thus  giving  double  the  quantity  of  light  in  the  tube  when  both 
currents  were  on  at  the  same  time.  This  was  most  distinctly 
visible. 

I  also  connected  a  Morse  key  between  one  pole  of  the  battery 
and  the  make  and  break  at  each  coil,  and  the  flashes  of  flame  could 
be  distinctly  seen  discharging  at  either  end  of  the  vacuum  tabe. 
That  from  No.  2  had  a  cotton-wool  or  flossy  appearance,  and  was 
to  be  seen  at  the  H  end  of  the  tube,  whilst  the  striped  appearance 
of  the  spark  from  coil  No.  1  was  also  to  be  seen  at  the  H  end 
The  striped  appearance  was  to  be  seen  at  the  end  of  the  tube  nearesi 
the  coil  when  the  current  was  passed  through  separately  from  each 
coil  ;  the  glowing,  flossy,  or  cotton-wool  appearance  at  the  other 
end  of  the  tube. 

Commercially,  the   adoption   of  the   duplex   system    has  been 
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attended,  in  the  case  of  the  Cook's  Strait  Cable,  with  the  greatest 
success.  The  saving  to  the  colony  is  estimated  at  about  £30,000, 
or  the  cost  of  laying  another  cable,  now  rendered  unnecessary.  I 
have  had  the  honour  to  receive  a  letter  of  thanks  from  the  Govern- 
ment, and  the  House  of  Representatives  has,  in  debate,  expressed 
itself  highly  satisfied  witli  my  exertions. 

In  practice  the  method  has  continued  to  answer  well.  The 
balance  in  the  bridge  having  been  fixed  before  commencing 
work,  any  fault,  such  as  signals  too  weak  or  too  strong,  may  bo 
compensated  for  by  adjusting  the  relay.  The  best  proof  of  the 
soundness  of  the  system  is  the  fact  tliat,  since  the  18th  of  June  to 
the  present  date,  it  has  been  working  successfully  in  all  kinds  of 
weather — very  wet,  dry,  frosty,  and  "  muggy  "  atmospheres  ;  the 
four  kinds  of  weather  we  may  look  for  at  any  time  having  thus  been 
encountered. 

Wellington,  New  Zealand,  Aug.  30,  1874. 


496  ABSTRACTS  AND  EXTRACTS. 


ABSTRACTS  AND  EXTRACTS. 


ON  THE  DECAY  AND  PRESERVATION  OF  TIMBER. 

By  Monsieur  Max  Vantet. 

I  propose,  in  this  article,  dwelling  on  the  destmctiye  agenda  which 
affect  timber  injected  with  sulphate  of  copper  and  embedded  in  railway 
ballast. 

It  is  generallj  admitted  that  the  preservative  action  of  the  metaUic 
salt  is  due  to  its  combination  with  the  ligneous  tissue,  and  above  all  with 
the  nitrogenous  matter  of  vegetable  substances,  the  latter  being  thereby 
rendered  insoluble  and  destructive  to  organic  life.  This  explanation  does 
not  fully  meet  the  case. 

I  have  carefully  studied  the  action  of  metallic  salts,  especially  copper 
salts,  on  the  nitrogenous  substance  of  timber.  The  experiments  I  hare 
made,  extending  over  a  long  period,  have  demonstrated :  Ist.  That  the 
cupric  albuminous  precipitate  is  not  absolutely  insoluble  in  water.  2ndlj. 
That  it  is  especially  soluble  in  water  charged  with  carbonic  acid. 

The  nitrogenous  matter  contained  in  ordinary  wood  is  partly  solnble 
and  partly  insoluble.  The  soluble  albup:iinous  portion  is  fixed  by  the 
metallic  salt,  which  likewise  unites  with  the  insoluble  nitrogenous  matter. 
Water,  especially  when  containing  carbonic  acid,  dissolves  and  carries  off 
the  salt. 

These  conclusions  followed  from  my  first  experiments,  but  recent 
observations  have  proved  that  the  reactions  are  not  in  all  cases  of  such  a 
simple  nature.  A  result  which  is  frequently  observed  is  illastrated  thus : 
A  sleeper,  of  beech  for  example,  originally  saturated  with  sulphate  of 
copper,  after  having  been  buried  in  railway  ballast  for  a  period  of  eight 
or  ten  years,  on  recovery  is  worthless,  being  found  rotten  at  various 
points.  The  affected  portions  are  very  brovm  near  the  rails  ;  the  timber 
is  not  worm-eaten,  but  its  character  is  chemically  altered.  If  it  does  not 
contain  sensible  quantities  of  copper,  it  contains  iron,  occasionally  in  very 
large  quantities,  which  has  been  obtained  from  the  rail  itself,  or  from  the 
spikes. 

This  impregnation  of  iron,  which  has  evidently  travelled  some  distance 
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into  the  wood  in  a  state  of  solution,  has  not  prevented  its  decay.  This 
result  is  quite  contrary  to  pre-conceived  ideas. 

In  researches  of  this  nature,  great  care  must  be  taken  to  eliminate 
portions  of  wood  that  have  been  in  direct  contact  with  the  rail,  or  in  such 
close  proximity  to  it  that  scales  of  oxide  might,  by  entering  the  cracks, 
vitiate  the  results  of  the  experiment.  This  precaution  taken,  it  will  be 
found  that  the  ligneous  fibre  in  the  neighbourhood  of  the  rail  has 
assumed  a  deep  brown  colour,  that  its  strength  is  greatly  diminished,  and 
that  it  is  easily  crushed  and  pulverised.  The  density  of  this  altered 
wood  has  singularly  decreased ;  thus  in  the  same  beech  sleeper  the  specific 
gravity  of  a  sound  portion  is  found  to  be  0*755  gr.,  whilst  that  of  another 
which  has  been  attacked  is  but  0*380^. 

Wood,  in  the  state  referred  to  above,  presents  the  following  chemical 
characteristics :  It  contains  nitrogenous  matter ;  it  is  wholly  dissolved  in 
caustic  potash ;  treated  with  water  acidulated  with  nitric  acid  it  gives  up 
the  lime  it  contains  in  addition  to  a  large  quantity  of  iron.  This  iron, 
which  could  only  penetrate  the  wood  in  a  state  of  solution,  is  now  in- 
soluble. Further,  a  solution  of  ferro-oyanide  of  potassium  when  applied 
to  a  freshly-cut  surface  of  the  wood  causes  no  blue  discolouration,  not- 
withstanding the  iron  it  contains. 

During  the  action  of  nitric  acid  on  the  wood  and  the  withdrawal  of  the 
iron,  a  considerable  disengagement  of  carbonic  acid  is  observed,  as  though 
an  impure  carbonate  was  being  acted  upon.  The  carbonic  acid  far 
exceeds  the  quantity  I  had  observed  in  wood  which  had  decayed  whilst 
exposed  to  the  air.  In  this  which  has  decayed,  when  embedded  in 
ballast,  there  is  no  comparison  in  the  quantity  of  carbonic  acid  it  contains 
and  that  which  would  result  from  the  conversion  of  its  ashes  into  car- 
bonates by  the  slow  combustion  of  its  ligneous  fibres.  Need  I  add  that 
new  timber  contains  no  carbonates  and  therefore  no  carbonic  acid.  A 
weight. of  0*250 gr.  of  the  above  decayed  wood  (with  a  cubical  measure- 
ment of  0*66  cc.)  has  evolved  as  much  as  10*5  cc.  of  carbonic  acid,  being 
more  than  12  cubic  metres  of  this  gas  per  cubic  metre  of  wood.  This 
timber,  in  the  state  described,  contains  a  considerable  quantity  of  ashes ; 
when  exposed  to  a  red  heat  for  a  considerable  period  a  residue  of  three  per 
cent,  of  ashes  remains ;  whereas  beech  in  its  normal  state  contains  but 
one-half  that  quantity.  When  exposed  to  ebullition  in  acidulated  water 
a  portion  of  the  wood  is  dissolved ;  further,  when  this  solution  is  con- 
centrated in  a  platinum  capsule  the  residue  before  calcination  becomes 
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blackened  and  carbonised.     If  the  salts  with  which  this  wood  is  im- 
pregnated are  extracted,  the  density  is  further  diminished  to  0'802  gr. 

These  remarks  apply  to  the  rotten  portions  near  the  rail  or  the  spikes. 
Those  portions  of  the  sleepers  somewhat  removed  from  the  rail  do  not 
exhibit  this  fermginoos  character  unless  the  ballast  itself  contains  metallic 
oxides ;  but  calcium  carbonate  is  always  abundantly  found  in  the  rotten 
portions.  The  copper  is  gradually  and  wholly  replaced  in  the  wood  by 
calcium  carbonate. 

What  changes  have  taken  place  ?  The  calcium  carbonate  contained  in 
the  ballast,  which  is  soluble  in  an  excess  of  carbonic  acid,  gradually  pene- 
trates the  wood  and  displaces  the  copper.  To  estimate  the  deterioration 
of  the  wood  it  is  simply  necessary  to  ascertain  the  quantity  of  carbonic 
acid  or  of  carbonates  which  it  contains.  The  tenacity  of  the  ligneous 
fibres  varies  inversely  as  the  quantity  of  carbonic  acid  which  they  contain. 
The  copper  retreats,  if  the  expression  is  admissible,  as  the  calcium  car- 
bonate advances.  As  long  as  the  metallic  salt  maintains  its  original 
combination  so  long  does  the  preservative  action  exist.  The  calcium 
carbonate  is  not  the  septic  agent,  but  it  eliminates  the  preservative  agent 
from  its  combinations,  and  it  separates  the  preservative  matter  from  the 
matter  to  be  preserved.  The  latter,  therefore,  if  not  restored  to  its 
original  condition,  is  at  least  to  one  which  facilitates  the  action  of  de- 
structive agencies.  This  confirms  and  explains  the  fact  already  observed 
that  sleepers  are  rapidly  destroyed  in  chalky  soils. 

Sometimes  the  metal  remains  in  the  decayed  wood  as  in  the  case 
already  mentioned  with  reference  to  the  deteriorated  and  highly  ferru- 
ginous fibres  in  close  proximity  to  the  rail,  but  the  oxide  is,  in  such 
cases,  mechanically  and  not  chendcally  combined.  Possibly  the  organic 
substance  of  the  wood  exercises  a  reducing  action  on  the  oxides,  bat 
most  frequently  when  the  timber  has  remained  for  a  sufficient  length 
of  time  embedded  in  the  soil  the  cupric  combination  has  ceased;  the 
copper  separated  first  from  the  albuminous  substance  is  at  last  carried  off 
by  the  carbonic  acid  from  the  tissue  itself  of  the  wood.  Another  solvent 
which,  although  less  abundant,  still  aids  the  result,  is  the  ammonia  car- 
bonate which  is  contained  to  some  extent  in  rain  water,  or  is  furnished 
by  the  decay  of  the  organic  substances  contained  in  the  ballast. — Associa- 
tion Scientifique. 
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ELECTRIFICATION  BY  FRICTION  AND  FIGURES  OF 

LICHTEMBERG. 

By  M.  E.  DouLioT. 

A  plate  of  hardened  caoutchouc  or  vulcanite,  when  dry,  is  electrified  by 
the  slightest  disturbance, — by  the  friction  of  a  sheet  of  paper,  by  that  of 
the  hair  of  a  paint-brush.  This  can  be  readily  shown,  even  to  a  large 
audience,  by  means  of  the  following  experiment :  A  plate  of  caoutchouc, 
being  thoroughly  dried,  is  passed  over  the  flame  of  a  spirit-lamp,  with  the 
object  of  removing  all  traces  of  electricity ;  then  with  a  metallic  point  a 
piece  of  wood,  or  a  paint-brush,  a  drawing  or  writing  is  prepared.  All 
the  marks  remain  invisible,  as  the  instruments  employed  do  not  attack 
the  surface  of  the  caoutchouc,  and  care  is  taken  not  to  scratch  it.  If 
now  a  mixture  of  sulphur  and  minium  is  scattered  over  the  drawing  the 
minium  is  attracted  by  the  portions  of  the  plate  passed  over  by  the 
drawing  implement,  and  the  sketch  suddenly  appears  a  bright  red  colour. 
The  sketch  is  so  clearly  and  distinctly  defined  that  the  finest  lines  are  most 
clearly  visible;  and  if  a  pen  be  used,  and  the  slit  is  not  perfectly  closed,  the 
two  lines  formed  by  the  points,  although  in  close  proximity,  are  perfectly 
distinguishable.  To  obtain  a  similar  result  with  a  plate  of  glass,  the  surface 
must  be  rubbed  energetically  with  a  plug  of  wool,  when,  as  might  be 
anticipated,  the  sulphur  is  attracted,  and  the  drawing  appears  yellow.  A 
further  experiment  succeeds  equally  well,  both  with  glass  and  caoutchouc. 
A  plate  of  either  substance  having  been  electrified  by  rubbing  it  with  a 
cat- skin,  is  written  on  with  a  metallic  point.  If  now  the  sulphur  and 
minium  mixture  is  scattered  over  the  surface,  the  characters  appear  in 
yellow  on  a  red  ground.  In  this  experiment  the  lines  are  not  so  distinct 
and  clear  as  in  the  former,  as  ramifications  branch  off  and  connect  various 
parts  of  the  figure  or  writing.  The  cat-skin  may  be  replaced  by  the 
rubber  of  an  electrical  machine,  as  a  means  of  exciting  the  plate. 


■ 
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NOTE  ON  A  METHOD   OF  DISCOVERING  THE  POINT  OF 
STOPPAGE  OF  A  CARRIER  IN  PNEUMATIC  TUBES. 

Bj  M.  Charles  Bostemps. 

The  French  telegraphic  administration  transmits  a  portion  of  its 
telegrams  in  Paris  by  the  well-known  pneumatic  system,  in  which  carriers 
arc  driven  by  air-pressure  through  subterranean  tubes.  Hitherto,  when  a 
carrier  has  become  stopped  in  the  pipes,  its  locality  has  been  ascertaineil 
by  the  following  method.  A  reservoir  of  given  capacity,  containing  a 
volume  of  air  under  a  pressure  H,  is  placed  in  connection  with  the  faulty 
tube.  On  establishing  a  free  communication  between  the  two,  the 
pressure  is  diminished  by  the  mixture  of  the  air  in  both  in  a  certain  ratio 
dependent  on  the  capacity  of  the  tube  up  to  the  faulty  point.  Let  X 
be  the  capacity  of  the  tube  up  to  this  point,  and  H  the  observed  pressure 
in  the  reservoir  after  contact.  The  atmospheric  pressure  being  taken  at 
0*76  m.  we  get  the  formula — 

V  H  +  X  X  0-76m.  =  (V  +  X)  H', 

which  gives  the  capacity  of  X  and  consequently  the  distance  of  the 
stoppage. 

The  accuracy  of  this  method  depends  on  the  exactitude  with  which  the 
volume  V  and  the  pressures  H  and  H'  can  be  measured.  In  practice 
with  the  instruments  ordinaiily  in  use  a  reading  approximating  to  the 
millimetre  of  mercury  is  difficult  to  obtain.  Further,  there  are  always 
other  eiTors  which  vitiate  the  results.  The  experience  obtained  since 
18CG  in  the  removal  of  obstructions  from  pneumatic  tubes  with  the  aid 
of  the  manometer  has  proved  that  on  an .  average  three  successive 
trendies  have  to  be  opened  before  the  obstacle  can  be  traced.  The 
proposed  new  method  admits  of  a  much  closer  approximation  in  ascer- 
taining the  distance. 

Tlie  principle  of  this  new  system  consists  of  the  method  employed  by 
M.  Ilegnault  in  his  researches  on  the  speed  of  the  propagation  of  sound- 
waves in  tubes.  At  the  open  extremity  of  the  faulty  pipe  an  clastiiij:' 
ineinbranc  A  B,  fig.  1,  is  placed  in  such  a  manner  that  its  vibrations 
may  bo  registered,  by  means  of  electricity,  on  a  revolving  cylinder.  A 
souud-wave  is  produced  in  the  tube  by  the  discharge  of  a  pistol  near  the 
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membrane.     This  wave  travela  in  the  tabe  with  a  velocity  of  380  metres 
per  second,  strikes   against  the   obsitacle,  is  reflected  backwaidfi,  and, 


Fig.  1. 

A  B  elutic  membrane  of  india  rnbber.  C  a  verj  tbin  metallic  apring  in  electrical 
commaniratioD  witb  a  battery  throngb  tbe  toTminal  I',  but  insnlated  from  the 
apparatus  D,  a  contact  connected  with  a  battery  by  the  tenuinal  N.  Tbe  circuit  is 
closed  when  the  membrane  prcaseg  the  C  against  the  stop  D. 

traversing  the  tube  in  the  reverse  direction,  impinges  on  and  inflatea  the 
membrane.     This  produces  a  mark  on  the  cylinder.     The  wave  is  again 


(Fig.  2.) 


reflected  backwards  towards  the  obstacle,  and  on  its  return  the  membrane 
again  vibrates,  and  so  on.  The  recording  cylinder  carries  three  tracers 
or  marking  points,  which  are  brought  into  play  by  electro-magnets.  The 
first  is  in  a  circuit  which  is  closed  by  the  vibrations  of  the  membrane,  the 
second  is  in  coauection  with  a  pendulum  which  causes  it  to  record 
2ii2 
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seconds,  whilst  the  third  subdivides  the  seconds  intervals  by  means  of  an 
electric  make  and  brake. 

A  practical  example  of  the  employment  of  this  apparatus  may  illos- 
trate  its  use.  An  obstruction  existing  at  a  distance  of  62  metres  from 
the  testing  point,  the  apparatus  on  being  applied  is  found  to  record  an 
interval  o(  ^^  of  a  second  between  two  oscillations  of  the  membrane. 
The  following  formula  then  gives  the  distance  to  the  obstruction  : — 

D  =:  J  X  830  X  ^4  =  60  metres. 

This  approximates  within  two  metres  of  the  actual  distance,  and  the 
removal  of  the  obstacle  would  only  involve  the  opening  of  a  single 
trench. 


ABSTRACT  OF  REPORT  FROM  THE  SUPERINTENDENT  OF 
ELECTRIC  TELEGRAPHS  IN  QUEENSLAND  ON  THE 
CONDITION  OF  HIS  DEPARTMENT. 

Electric  Telegraph  Department,  Superintendent's  Office, 
Brisbane,  13th  Jane,  1874. 

Sir, — I  have  the  honour  to  submit  the  following  Report  on  the  progress 

and  condition  of  the  Department  under  my  supervision  during  the  past 

year  : — 

Extensions  Completed. 

The  extensions  completed  since  the  date  of  my  last  Report  are  as 
follows  : — 

1.  From  Maryborough  vtd  Gin  Gin  to  Teningering.  This  section 
consists  of  forty-eight  miles  of  new  line,  and  twenty-five  miles  of  addi- 
tional wire  stretched  on  the  existing  poles  between  Maryborough  and 
Gayndah. 

The  Teningering  line  is  built  of  ironbark,  bloodwood,  box,  and  gum  of 
good  quality.  It  was  completed  and  opened  for  business  on  the  1st  of 
May  last  year. 

The  line  has  worked  well  from  the  commencement,  and  has  already 
proved  a  great  convenience  to  the  inhabitants  of  Mount  Perry,  and  those 
interested  in  the  rich  copper-mines  of  that  district. 

2.  A  line  from  Gin  Gin  to  Gladstone,  104  miles  in  length,  was 
completed  on  the  27th  of  October  last.  This  section  has  been  well  built, 
of  bloodwood,  gum,  and  ironbark,  and  its  completion  opened  up  a  second 
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through  line  between  Brisbane  and  Kockhampton,  much  required  for  the 
large  northern  business. 

3.  A  line  within  the  railway  fences  from  Toowoombato  Dalby,  fifty-two 
miles  in  length,  was  completed  on  the  24th  February  in  the  present  year. 
This  line  consists  of  three  wires.  Iron  poles  are  erected  on  the  plains  in 
order  to  secure  the  lines  from  the  effects  of  atmospheric  electricity, 
unusually  prevalent  and  destructive  during  the  sunmier  months  on  this 
portion  of  the  Darling  Downs. 

4.  A  branch  line  from  Gin  Gin  to  Bundaberg,  30^  miles  long,  was 
completed  and  opened  for  business  on  the  7th  of  last  March. 

5.  A  line  from  Springsure  to  Tambo,  144  J  miles  in  length,  was  com- 
pleted on  May  27th.  The  timber  employed  on  this  section  consists  of 
ironbark,  bloodwood,  cypress,  pine,  and  gum  of  good  quality,  and  will 
last  for  many  years. 

6.  A  second  wire,  177}  miles  in  length,  has  also  been  erected  on  the 
existing  poles  between  Brisbane  and  Maryborough.  The  line  was  com- 
pleted and  opened  on  24th  March. 

All  these  lines  have  been  substantially  built  in  accordance  with  our 
usual  specification. 

New  stations  were  opened  during  the  year  at  Yandina,  Mount  Perry, 
Gin  Gin,  Bundaberg,  Tiaro,  Ipswich  Railway,  Walloon,  Grandchester, 
Laidley,  Gatton,  Murphy's  Creek,  Highfields,  and  Toowoomba  Railway. 

We  have  3,203  miles  of  line,  3,931  miles  of  wire,  and  seventy-four 
stations  at  present  in  operation,  and  181  officers  permanently  employed 
by  the  Department. 

The  first  line  erected  in  Queensland  (twenty-five  miles  in  length),  from 
Brisbane  to  Ipswich,  was  opened  for  public  business  on  the  13th  of 
April,  1861.  The  progress  of  the  Department  is  shown  in  the  following 
table : 


Tear. 


MUesof 
Line. 


1861       169^ 
1873 .  3,059^ 


Miles  of 
Wire. 


169^ 


3,609^  I  73 


CO 


I 


o  o  cZ 


5,678 
166,268 


Groes  Receipts !   "O.H.M.S.** 
Casta.  Business. 


&     $.   d.\       £    s.   d. 
938  14  9   122  12  2 

20,769  1  3  , 6,386  12  0 


Gross 
Eipenditnre. 


£     9,d, 
1,652  5  6 

27,776  8  5 


Popula- 
tion. 


34,367 
146,690 
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This  result  is  very  satisfactory,  and  speaks  well  for  the  energy  displayed 
in  telegraphic  enterprise  by  the  inhabitants  of  this  large  but  sparsely 
populated  country. 

Working  op  Lines. 

The  several  lines  in  Queensland  have,  on  the  whole,  worked  well 
throughout  the  year :  serious  damage,  however,  was  caused  to  the  sections 
between  Hawk  wood  and  Camboon, ,  and  between  Maryborough  and 
Qayndah,  by  heavy  storms  and  bush-fires  in  the  month  of  November  last 

Many  miles  of  the  line  were  also  injured  between  Marlborough  asd 
Nebo  by  a  cyclone  in  January  this  year  ;  and,  although  every  exertion 
was  made  to  repair  the  line,  communication  was  interrupted  for  several 
days. 

Arrangements  are  in  progress  to  form  a  school  in  connection  with  the 
Central  Office,  for  the  purpose  of  training  efficient  operators  for  service 
of  the  Department. 

The  railway  telegraph  between  Brisbane  and  Toowoomba  is  now 
worked  by  Morse's  recording  instruments,  under  the  supervision  of  this 
Department.  The  system  works  well,  and  will  be  extended  to  every 
railway  station  in  the  colony  when  the  instruments  ordered  for  that  par- 
pose  arrive  from  England. 

International  Communication. 

The  South  Australian  Overland  Line,  between  Adelaide  and  Port 
Darwin,  has  worked  well  throughout  the  year ;  the  interruptions  were 
less  frequent  than  anticipated,  and  not  more  than  on  other  lines  of  a 
similar  length  in  the  Australian  colonies. 

However,  notwithstanding  the  efficient  working  of  this  line,  the  heavy 
'  cost  of  construction — on  which  £400,000  is  said  to  have  been  expended, 
and  £80,000  more  required  to  complete  the  work — will  prevent  a  reduc- 
tion in  the  excessive  charges  for  international  messages  imtil  a  competing 
line  is  established,  when  the  present  high  tariflf,  namely,  £9  168.  6rf.  for 
a  message  of  twenty  words  from  Brisbane  to  London,  will  be  consider- 
ably reduced. 

I  mentioned  in  my  last  annual  report  that  negotiations  were  in  pro- 
gress for  the  purpose  of  establishing  a  second  and  independent  line  from 
Australia  to  Europe  via  Nomianton  and  Singapore,  and,  before  concluding, 
I  would  briefly  refer  to  the  origin  and  progress  of  this  important  under- 
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taking.  In  a  letter  addressed  to  the  Honourable  th«  Colonial  Secretary, 
dated  the  9th  of  December,  1872, 1  recommended  that  the  proposed  cable, 
in  lien  of  being  taken  from  onr  terminal  station  at  Carpentaria  to  Java, 
as  at  first  proposed,  should  be  carried  to  Singapore,  in  order  to  open  up 
a  through  duplicate  line  between  Australia  and  Europe,  and,  by  avoiding 
the  Netherlands  Indian  Government  lines  in  Sumatra  and  Java,  English 
operators  would  be  employed  throughout. 

On  the  3rd  of  February  last  year  this  proposal  was  submitted,  by  the 
Colonial  Secretary  of  Queensland,  for  consideration  of  the  Intercolonial 
Conference,  then  assembled  in  Sydney,  when  a  resolution  was  passed  in 
favour  of  a  cable  being  laid  between  Normanton  and  Singapore  without 
delay. 

On  the  10th  of  the  same  month  the  Queensland,  New  South  Wales, 
and  New  Zealand  delegates  mutually  agreed,  subject  to  the  approval  of 
their  respective  Parliaments,  to  guarantee  5  per  cent,  per  annum  on  the 
cost  of  constructing  submarine  lines  between  Normanton  and  Singapore, 
and  from  New  South  Wales  to  New  Zealand. 

Resolutions  passed  the  Legislative  Assembly  and  Legislative  Council 
of  Queensland,  sanctioning  the  construction  of  these  lines,  in  June  last 
year,  and  the  proposal  was  assented  to  in  New  Zealand  by  the  passing  of 
the  Telegraph  Cables  Subsidy  Agreement  Ratification  Act  in  the  following 
month. 

Although  approved  by  the  Executive  Council,  no  action  was  taken  by 
the  Legislature  of  New  South  Wales  until  the  27th  of  May  last,  when 
resolutions  in  favour  of  the  cables  were  passed  by  the  Assembly ;  and  the 
resolutions  were  confirmed  by  the  Legislative  Council  of  that  colony  on 
the  11th  of  June,  1874. 

Now  that  the  necessary  authority  is  obtained  to  construct  these  im- 
portant lines,  steps  will  be  taken  to  commence  the  work  without  delay. 

I  have,  &c., 

W.  J.  Cragknell, 
Superintendent  Electric  Telegraphst 

The  Qoqonrable  the  Postmaster-General, 
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ON  THE  NEW  CONTACT  THEORY  OF  THE  GALVANIC 

CELL. 

By  J.  A.  Fleming,  B.Sc.,  F.C.S. 

The  contest  that  has  for  so  long  heen  waged  between  the  supporters 
of  the  two  theories  of  the  galyanic  cell,  the  contact  and  the  chemical, 
can  hardly  be  said  to  have  been  brought  even  now  to  a  decisive  issue. 
For  although  the  contact  theory,  as  originally  proposed  by  Volta,  receiyed 
a  fatal  blow  when  the  law  of  conservation  of  energy  became  clearly  under- 
stood, yet  in  its  place  a  new  contact  theory  has  arisen,  supported  by  noTel 
and  important  experimental  evidence,  which  has  again  been  placed  by 
recent  writers  on  electrical  science  in  formidable  opposition  to  its  old 
rival. 

The  old  contact  theory  of  Volta  had  its  origin  in  an  entire  ignorance 
of  the  science  of  energy.  It  simply  referred  the  current  produced  through  , 
the  circuit  of  a  pile  .to  the  effect  of  the  metallic  contacts,  and  it  ignored 
the  thermal  and  chemical  changes  which  are  also  necessarily  present ;  bat 
it  had  to  be  finally  abandoned  when  once  it  became  clearly  understood 
that  the  appearance  of  a  current  involved  the  disappearance  of  some 
other  energy,  actual  or  potential,  as  an  invariable  accompaniment.  The 
new  contact  theory  may  be  said  to  have  had  its  source  in  the  discovery  of 
Sir  W.  Thomson,  that  there  is  undoubtedly  a  difference  of  potential 
produced  when  dissimilar  metals  are  placed  in  contact — a  fact  not  only 
abundantly  proved  by  Thomson  by  direct  experimental  evidence,  but,  as 
he  has  pointed  out,  confirmed  in  a  remarkable  way  by  the  phenomena  of 
the  Peltier  effect^  which,  when  interpreted  by  the  dynamical  theory  of 
heat,  furnish  the  most  reliable  measure  of  its  amount.  These  facts, 
together  with  others  presently  to  be  referred  to,  have  been  made  to  furnish 
the  key  to  a  fresh  explanation  of  the  dynamics  of  the  galvanic  cell, 
which  I  have  ventured  to  call  the  new  contact  theory,  as  opposed  to  the 
old  or  voltaic  one. 

It  is  not  possible,  however,  to  define  in  a  few  words  the  precise  details 
of  the  new  theory  ;  they  can  only  be  arrived  at  by  collecting  together 
the  statements  as  we  find  them  laid  down  by  their  authors.  The  object 
of  the  present  paper  is  to  draw  the  attention  of  those  interested  in  this 
question  to  the  objections  that  may  be  raised  against  this  new  contact 
theory — objections  based  on  facts,  some  old,  and  some  which  perhaps  may 
prove  new,  but  all  of  which  alike  seem  to  throw  fresh  difficulties  in  the 
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way  of  this  theory,  although  capahle  of  simple  explanation  by  the  old 
chemical  hypothesis.  It  will  be  necessary  then  to  review  briefly  the 
precise  statements  of  this  new  contact  theory,  in  order  to  show  exactly 
what  are  the  points  against  which  objection  may  be  taken.  This  will  be 
best  accomplished  by  collecting  the  statements  of  its  principal  suppoii;ers, 
and  arranging  together  their  explanations  of  the  phenomena  which  arise — 

(1)  When  dissimilar  metals  at  the  same  temperature  are  placed  in 
contact, 

(2)  When  one  insulated  metal  is  placed  in  a  liquid  capable  of  acting 
chemically  upon  it, 

(3)  When  two  different  metals  are  placed  insulated  and  unconnected 
in  one  such  liquid, 

(4)  When  the  two  metals  are  joined  across  by  a  metallic  arc,  or  when 
two  or  more  cells  are  joined  up  in  series. 

1.  That  the  contact  of  metals  is  always  attended  with  the  production 
of  a  difference  of  potential  between  them  was  for  a  long  time  denied  by 
ardent  supporters  of  the  chemical  theory.  De  la  Rive  endeavoured  to 
show  that  the  effects  observed  might  be  attributed  to  oxidation  ;  but  his 
experiments  are  not  conclusive  ;  and  to  Sir  W.  Thomson  belongs  the 
credit  of  having  established  the  fact  by  experiment,  irrespective  of  his 
theoretical  deductions  from  the  facts  of  thermo-electricity.  He  thus 
describes  his  decisive  experiment : — 

'*  A  metal  bar  insulated  so  as  to  be  movable  about  an  axis  perpendi- 
cular to  the  plane  of  a  metal  ring  made  up  half  of  copper  and  half  of 
zinc,  the  two  halves  being  soldered  together,  turns  from  the  zinc  towards 
the  copper  when  positively  electrified,  and  from  the  copper  towards 
the  zinc  when  negatively  electrified."  *  The  difference  of  potential  he 
finds  to  be  about  -6  or  -7  of  that  of  a  Daniell's  cell  when  the  metals  are 
perfectly  clean  ;  but  by  oxidation  of  the  copper  it  may  be  made  equal  to 
or  even  greater  than  that  of  a  DanielPs  cell.  He  has  also  shown  that,  if 
zinc  and  copper  cylinders  be  connected  by  a  wire,  the  electrometer  detects 
a  difference  between  the  potentials  of  the  air  in  the  interior ;  and,  lastly, 
that,  if  copper  filings  be  allowed  to  fall  from  a  copper  funnel  in  contact 
with  a  vertical  zinc  cylinder,  they  convey  a  negative  charge  to  a  receiver 
placed  below.  Sir  W.  Thomson  concludes  that  there  is  sufficient  evi- 
dence to  show  that  zinc  and  copper  attract  one  another  chemically  at 
any  distance  if  connected  by  a  fine  wire,  and  that,  as  Professor  Tait 
*  Reprint  of  papers  on  Electrostatics  and  Magnetism,  p.  316,  sec.  400. 
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remarks,  '*  when  any  two  bodies  of  different  kinds  are  brought  into  con- 
tact, there  is  a  certain  amount  of  exhaustion  of  the  potential  energy  of 
chemical  affinity  between  them,  and  that  the  equivalent  of  this  is,  partly 
at  least,  developed  in  the  new  potential  form  of  a  separation  of  the  so- 
called  electric  fluids,  one  of  the  bodies  receiving  a  positive,  the  other  a 
negative,  change,  the  quantity  depending  on  the  nature  and  form  of 
the  bodies."  ♦ 

This  is  equivalent  to  saying  that  at  the  surface  of  contact  there  is  per- 
petually a  force  tending  to  separate  the  two  electricities  in  a  direction 
perpendicular  to  that  surface,  while  at  all  points  ever  so  little  within  it 
there  is  no  such  force. 

Professor  Maxwell  reiterates  essentially  the  same  facts.  He  gives 
Thomson's  proof  that  the  electromotive  contact-force  at  a  junction  of 

•  

two  metals  is  represented  by  P  J,  where  P  =  the  co-efficient  of  the  Peltier 
effect,  or  the  heat  absorbed  at  the  junction  due  to  the  passage  of  a  unit 
of  current  for  a  unit  of  time ;  and  J  is  Joule's  equivalent.  He  remarks 
that  the  electromotive  force,  as  determined  by  this  method  experimentally, 
does  not  account  for  the  whole  electromotive  force  of  a  simple  couple. 
This  latter  is  in  general  far  greater  than  that  given  by  the  Peltier  effect 
for  the  same  pair  of  metals.  "  Hence  the  greater  part  of  Volta's  force 
must  be  sought  for,  not  at  the  junctions  of  the  two  metals,  but  at  one 
or  both  of  the  surfaces  which  separate  the  metals  from  the  air  or  other 
medium  which  forms  the  third  element  of  the  circuit."t 

Professor  Jenkin,  referring  to  these  experiments  of  Thomson,  adds, 
that  "  In  cases  where  no  known  chemical  action  occurs,  as  where  zinc 
and  copper  touch  each  other,  and  yet  difference  of  potential  is  produced, 
since  this  involves  a  redistribution  of  electricity,  a  small  but  definite  con- 
sumption  of  energy  must  then  occur ;  the  source  of  this  power  cannot  yet 
be  said  to  be  known."J 

2.  It  seems  to  be  universally  admitted  that,  when  an  insulated  metal  is 
placed  in  a  liquid  capable  of  acting  chemically  upon  it,  a  difference  of 
potential  is  produced  between  the  metal  and  the  liquid,  a  sudden  rise  in 
potential  taking  place  in  passing  from  the  metal-surface  to  the  liquid  in 
contact  with  it,  or  that  the  metal  becomes  negatively  and  the  liqoid 


♦  Thermodynamics,  p.  62,  sec.  107. 

t  Treatise  on  Electricity  and  Magnetism,  rol.  i.  p.  302, 

X  Electricity  and  Magnetism,  p.  55. 
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positively  electrified,  metals  diflFering  in  the  degree  of  electrification  they 
can  prodnce  with  any  one  electrolyte. 

3.  But,  if  we  ask  what  are  the  conditions  when  two  different  metals  are 
80  immersed,  we  find  the  most  contradictory  statements  given.  Sir  W. 
Thomson  expresses  his  opinion  thus  in  1862 :  "  For  nearly  two  years  I 
have  felt  quite  sure  that  the  proper  explanation  of  voltaic  action  in 
the  common  voltaic  arrangement  is  very  near  Yolta's.  I  now  think  it 
quite  certain  that  two  metals  dipped  in  one  electrolytic  liquid  will  (when 
polarization  is  done  away  with)  reduce  two  dry  pieces  of  the  same  metals 
when  connected  each  to  each  hy  metallic  arcs  to  the  same  potential,"*  which 
seems  equivalent  to  saying  that  there  is  no  difference  of  potential  produced 
other  than  that  due  to  dissimilar  contact.  Thus  also  Professor  Tait :  *^  By 
interposing  hetween  two  metals  which  have  heen  electrified  hy  contact  a 
compound  liquid  or  electrolyte,  these  metals  are  at  once  reduced  to 
the  same  potential  —  a  result  which  could  not  have  heen  obtained  by 
connecting  them  by  any  metallic  conductor.  By  the  passage  of  the  elec- 
tricity a  portion  of  the  electrolyte  is  decomposed,  and  the  potential  energy 
thus  developed  is  equal  to  that  possessed  by  the  electricity  while  separated 
in  the  metals."  f 

Professor  Jenkin  advocates  essentially  the  same  views :  "  When  two 
dissimilar  metals  are  plunged  side  by  side  into  a  liquid  such  as  water  or 
dilute  sulphuric  acid,  they  do  not  exhibit  any  sign  of  electrification ;  the 
three  materials  remain  ftt  one  potential,  or  nearly  so.  If  while  the  two 
dissimilar  metals  are  in  the  liquid  they  are  joined  by  metallic  contact  to 
terminal  pieces  of  one  and  the  same  metal,  these  terminal  pieces  will  be 
brought  to  the  same  difference  of  potentials  as  that  which  would  be  pro- 
duced by  direct  contact  between  the  dissimilar  metals."^  This  amounts 
simply  to  saying  that,  as  long  as  no  wires  are  attached  to  the  plates  of  a 
single  cell,  there  is  no  difference  of  potential;  but,  that  when  wires 
are  joined  on,  the  observed  difference  of  potential  is  due  to  the  contact  of 
the  wire  with  that  metal  plate  to  which  it  is  dissimilar. 

Again :  <'  When  a  single  metal  is  placed  in  contact  with  an  electro- 
lyte, a  definite  difference  of  potentials  is  produced  between  them ;  zinc 
in  water  becomes  negative,  copper  in  water  becomes  negative,  but  less  so 

than  zinc.     If,  however,  the  two  metals  are  plunged  together  into  water, 

* 

*  Electrostatics,  p.  317,  soc.  400. 
t  Thermodynamics,  p.  66,  sec.  116. 
I  Electricity  an^  Magrietism,  p.  22. 
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the  copper,  zinc,  and  water  forming  a  galvanic  cell,  all  remain  at  one 
potential,  and  no  charge  of  electricity  is  observed  on  any  part  of  the 
system."  "  If  a  piece  of  copper  be  now  joined  tq  the  zinc,  it  (the  copper) 
will  become  negative,  and  the  other  copper  plate  positive,  the  difference 
ol  potentials  being  that  dae  to  the  direct  contact  between  the  zinc  and 
piece  of  .copper  on/y,  the  water  having  the  effect  of  simply  condocting  the 
charge  from  the  zinc  to  the  copper  plate  and  maintaining  them  at  one 
potential."* 

The  foundation  for  these  statements  is  found  apparently  in  an  ex(>eri- 
ment  due  to  Sir  W.  Thomson.  He  finds  that  if  half -discs  of  zinc  and 
copper  be  arranged  under  a  movable  metallic  needle  maintained  at  a 
high  positive  potential,  if  they  are  connected  by  a  wire  or  by  contact,  the 
needle  moves  in  such  a  way  as  to  show  that  the  copper  is  negative  and 
the  zinc  positive ;  while,  if  they  are  separated  by  a  slight  interval  and 
connected  by  a  drop  of  water,  no  difference  of  potential  is  observed. 
Professor  Jenkin  also  lays  great  stress  on  the  fact  that,  whereas  copper 
in  contact  with  zinc  becomes  negative,  in  a  single  cell  with  wires  attached 
it  is  the  wire  attached  to  the  zinc  that  shows  a  negative  potential.  ThL« 
he  holds  to  be  conclusive  that  the  junction  of  the  wire  with  the  zinc  plate 
is  the  real  seat  of  the  electrical  separation ;  although  he  admits  that  there 
may  be  a  slight  difference  due  to  the  liquid,  and  that  different  liquids 
may  augment  or  decrease  this  difference. 

In  another  place  he  says: — "If  the  voltaic  theory  of  the  cell  were 
absolutely  correct,  the  electromotive  force  of  the  cell  would  depend  wholly 
on  the  plates  in  the  electrolyte,  and  not  at  all  on  the  solution  employed 
to  connect  them."f  But  it  has  been  found  that  the  potential  series  of 
the  metals  is  slightly  changed  by  the  solution  employed  to  join  the  plates; 
in  order  to  account  for  this  fact  it  is  necessary  to  treat  the  voltaic  theory 
as  incomplete.  He  adds,  however,  that  the  potential  series  of  the  metals 
for  water,  dilute  acids,  and  ammonic  chloride  do  not  differ  so  much  as  to 
invalidate  the  theory,  although  the  series  for  alkaline  sulphides  is  quite 
different  and  anomalous.^ 

♦  Electricity  and  Magnetism,  p.  44. 

t  Electricity  and  Magnetism,  p.  216. 

J  It  may  be  remarked  in  passing,  that  this  identity  of  the  potential  series  for  dif- 
ferent acids  may  perhaps  arise  from  a  different  canse»  and  not  be  altogether  soch  a 
proof  of  the  contact  theory  as  Professor  Jenkin  concludes  it  is.  Andrews  has  shown 
that  when  one  metal  combines  chemically  with  different  acids  the '  amount  of  heat 
liberated  is  the  same,  or  nearly  so.    Hence,  if  the  metals  be  arranged  in  the  order  of 
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4.  When  the  two  plates  in  one  electrolyte  are  joined  by  a  wire,  or 
when  simple  cells  are  joined  up  in  series  and  the  circuit  closed  by  a  wire, 
we  find  it  stated  that  there  is  a  constant  separation  of  the  electricities  at 
the  point  of  contact  of  different  metals  and  a  constant  recombination, 
attended  with  decomposition,  through  the  electrolyte.  "  Perhaps  it  is 
strictly  accurate  to  say  that  the  difference  of  potential  is  produced  by  the 
contact,  and  that  the  current  which  is  maintained  by  it  is  produced  by 
chemical  action."*  And,  lastly,  that  in  a  series  of  cells  the  electro- 
motive force  is  due  to  the  sum  of  the  differences  of  potential  produced  by 
all  the  contacts. 

The  above  quotations  may  be  taken  as  affording  the  plainest  notion  of 
the  new  contact  theory ;  and  it  will  be  seen  that  its  fundamental  proposi- 
tions are  briefly  these  : — 

I.  The  two  plates  of  different  metals  in  one  liquid  are  at  the  same 
potential  when  insulated  and  separated  ;  i.e.  there  is  no  difference  of 
potential  due  to  chemical  affinity. 

II.  In  a  cell-series  the  gradual  rise  in  potential,  or  the  electro-motive 
force,  is  due  only  to  dissimilar  metallic  contacts. 

III.  The  chemical  action  in  the  battery  is  the  result  rather  than  the 
cause  of  the  difference  of  potential,  and  is  looked  upon  as  an  accompany- 
ing action  rather  than  as  the  actual  creator  of  the  current,  it  having  little 
or  no  share  in  the  production  of  the  difference  of  potential  between  the 
terminals. 

These  are,  I  venture  to  think,  points  not  to  be  admitted  as  proved 
without  further  inquiry,  and  against  which,  as  I  shall  hope  to  show,  some 
grave  if  not  insuperable  objections  may  be  urged,  founded  on  other 
experimental  evidence. 

The  first  question  to  be  settled  is,  then,  whether  in  a  series  of  cells  the 
whole  of  the  difference  of  potential  between  the  terminals  is  due  to  the 
contacts,  as  above  stated,  or  whether  any  portion  is  due  to  the  tendency 

their  heat-producing  power  when  combined  with  the  same  acid,  that  order  will 
remain  the  same  for  most  other  acids.  Bat  the  order  is  qnito  different  when  the 
metals  arc  combined  with  sniphnr  or  oxygen.  It  is  true  that  this  order  is  not  the 
electro-chemical  one;  bat  yarioas  caases  may  interfere  to  disturb  it.  At  any  rate  it 
i?  sufficient  to  show  that  this  fact  of  the  partial  identity  of  the  potential  series  for 
different  acids  cannot  by  any  means  be  claimed  as  conclusiye  of  the  contact  theory. 
Moreover,  although  the  order  may  be  the  same  for  the  different  liqnids,  we  do  not 
know  that  the  coefficients  are  the  same  for  each  metal  in  every  dilate  acid. 
*■  Electricity  and  Magnetism,  pp.  53-55. 
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towards  chemical  combination  existing  between  the  metals  and  the 
electrolytes  ;  and,  as  a  consequence,  whether  in  a  single  cell  the  plates 
are  at  the  same  potential  or  at  different  potentials,  owing  to  the  difference 
of  chemical  action  upon  them.  Now  I  think  this  point  will  be  suffi- 
ciently proved  if  we  can  establish  by  experiment  (i.)  that  a  battery  of  cells 
can  be  constructed  without  any  dissimilar  metallic  contacts  and  with 
terminal  plates  of  the  same  metal,  and  which  shall  yet  exhibit  difference 
of  potential  and  continuous  current ;  for,  if  this  is  possible,  it  most  follow 
that  chemical  affinity  alone  is  capable  of  creating  electroinotive  force  as 
well  as  of  maintaining  a  current,  and  that,  in  an  ordinary  cell-series,  sonte 
part  at  least  of  the  electromotive  force  is  due  to  this  cause,  whilst  the 
remainder  is  the  result  of  the  metallic  contacts  that  may  exist ;  or  (iL) 
if  we  can  establish  directly  that  the  two  plates  in  one  cell  are  not  at  the 
same  potential,  as  stated  by  more  than  one  authority. 

With  regard  to  the  first  point  it  will  be  remembered  that  an  old 
experiment  of  Faraday^s  proved  that  a  current  can  be  maintained  and 
decomposition  effected  by  a  single  cell  where  there  is  no  dissimilar  con- 
tact. It  is  not  easy  to  see  how  this  experiment  can  be  explained  by  any 
form  of  contact  theory ;  indeed  it  appears  unanswerable.  But,  in  order 
to  leave  no  point  unsettled  by  experiment,  it  seemed  desirable  to  try  and 
arrange  a  series  of  cells  in  which  all  dissimilar  contact  was  absent,  so 
that  the  difference  of  potential  due  to  chemical  action  might  be  separated 
from  that  due  to  the  contacts  and  rendered  visible  by  the  electroscope. 


Fig.l. 

It  is  obvious  that  we  can  make  no  attempt  to  do  this  unless  we  can  in 
some  way  or  other  obtain  a  battery  with  terminals  of  the  same  metals- 
for  otherwise  the  very  junctions  with  the  electroscope  introdoce  what  we 
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want  to  eliminate,  viz.,  dissimilar  metallic  contact.  But  the  following  is 
a  method  by  which  this  can  be  accomplished.  If  plates  of  lead  and 
copper  be  placed  in  nitric  acid  the  lead  is  positive  to  the  copper,  since  it 
is  most  acted  upon ;  but,  if  lead  and  copper  be  placed  in  solutions  of 
alkaline  persulphides,  then  the  copper  is  most  readily  acted  upon  and  is 
positive  to  the  lead ;  that  is,  the  positions  are  reversed. 

Now,  if  we  place  in  a  cell  A  dilute  nitric  acid  and  a  copper  and  a  lead 
plate,  we  cannot  join  up  another  cell  of  the  same  sort  in  series  without 
introducing  contact.  But  if,  instead  of  using  a  cell  containing  acid,  we 
place  next  A  a  cell,  B,  containing  sodic  pentasulphide,  and  bend  over  the 
lead  plate  of  A  to  dip  into  the  liquid  in  B,  and  place  in  B  also  a  copper 
plate,  we  shall  then  have  two  cells  joined  up  in  series  without  dissimilar 
contact  and  with  similar  metals  for  terminals ;  and  yet  the  action  of  the 
liquids  on  the  metals  is  such  that  in  A  the  lead  is  positive  to  the  copper 
Cu,  and  in  B  the  copper  Cu'  is  positive  to  the  lead.  Hence  there  is  a 
regular  rise  in  potential  in  passing  through  the  two  cells ;  and  on  joining 
Cu  Cu'  by  a  copper  wire  a  current  flows  through  both  cells  in  the  same 
direction,  and  the  general  effect  is  to  urge  round  a  current  in  the  direction 
shown  by  the  arrows.  It  is  obvious  that  we  need  not  limit  ourselves  to 
two  cells.  By  forming  a  pile  of  alternate  cells  filled  with  acid  and  alka- 
line persulphide,  connected  by  bent  copper  and  lead  plates  alternately 
(fig.  2),  we  shall  be  able  to  accumulate  difference  of  potential  to  any 

Fig.  2. 
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extent ;  and,  if  the  number  of  acid  and  alkaline  cells  be  equal,  we  shall 
always  end  with  a  plate  similar  to  that  with  which  we  began.  Such  a 
battery  will  exhibit  a  difference  of  potential  between  its  two  terminals 
when  the  circuit  is  opened,  and  will  give  a  current  when  it  is  closed.  In 
it  we  have  nothing  but  chemical  action  to  rely  upon  both  for  creating 
electromotive  force  and  for  maintaining  the  current.  We  have  no  dis- 
similar contacts ;  and,  as  the  terminal  plates  are  similar,  we  can  effect  the 
junctions  with  the  electroscope  without  introducing  an  unbalanced  dis- 
similar contact.     I  have  constructed  such  a  battery  of  60  cells ;  and  by 
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the  kindness  of  Professor  Gothrie,  to  whom  mj  thanks  are  doe,  I  hare 
been  permitted  to  compare  its  potential  with  that  of  a  Daniell^s  cell,  by 
means  of  a  quadrant  electrometer  lieionging  to  his  latoratoTj.  By  this 
means  it  is  at  once  seen  that  the  difference  of  potential  increases  propor- 
tionally to  the  number  of  cells,  the  electromotive  force  of  four  cells  being 
about  equal  to  that  of  one  Daniell.  Joined  up  with  a  galranometer  it 
indicates  a  current,  which,  however,  rapidly  faUs  off*  in  strength,  owing  to 
the  formation  of  an  insoluble  cupric  sulphide  upon  the  copper  plates. 
Joined  up  in  opposition  to  a  single  DanielFs  cell,  with  a  galvanometer 
included  in  the  circuit,  I  find  that  it  requires  from  foar  to  five  cells  to 
balance  the  force  of  the  Daniell  at  first  inmiersion  ;  but  after  leaving  it 
to  work  on  short  circuit  for  2  J  hours  its  electromotive  force  had  £dlen  off 
50  per  cent. ;  it  then  required  about  8  cells  to  bring  the  needle  to  zero. 
This  gives  for  the  electromotive  force  of  two  cells  at  first  about  -5  of  a 
volt ;  or  the  whole  sixty  cells  are  equal  nearly  to  15  Daniell^s  cells.  It 
readily  effects  the  decomposition  of  many  electrolytes,  and  exhibits  there- 
fore every  property  of  an  ordinary  cell-series.  Above  all,  it  will  be 
noticed,  that  since  there  is  a  regular  rise  in  potential  in  passing  from  ceD 
to  cell,  and  as  all  parts  of  each  plate  must  be  at  the  same  potential,  that 
rise  can  only  take  place  at  the  surfaces  where  the  active  metals  are  in 
contact  with  the  electrolyte  (that  is,  at  the  seat  of  the  chemical  action), 
and  that  therefore  two  metals  in  one  electrolyte  cannot  be  at  exactly  the 
same  potential.  But  I  find  that  more  direct  evidence  still  of  this  fact  is 
to  be  found  in  an  experiment  of  Faraday's,  which  seems  to  have  escaped 
the  notice  of  the  contact  theorists. 

In  his  "  Experimental  Researches  "  he  gives  the  following  fact  "I 
tf)6k  a  voltaic  apparatus,  consisting  of  a  single  pair  of  large  plates, 
namely  a  cylinder  of  amalgamated  zinc  and  a  double  cylinder  of  copper. 
These  were  put  into  a  jar  containing  dilute  sulphuric  acid,  and  could  at 
pleasure  be  placed  in  metallic  communication  by  a  copper  wire  connect- 
ing the  two  plates.  Being  thus  arranged,  there  was  no  chemical  action 
whilst  the  plates  were  not  connected  ;  on  making  the  contact  a  spark  was 
obtained.  In  this  case  it  is  evident  that  the  first  spark  most  hare 
occurred  before  metallic  contact  was  made,  for  it  passed  through  an 
interval  of  air;  and  also  that  it  must  have  tended  to  pass  before  the 
electrolytic  action  began,  for  the  latter  could  not  take  place  until  the 
current  passed,  and  the  current  could  not  pass  before  the  spark  appeared.'' 
"  Hence,"   he   says,    "  I  think   there  is  sufficient  proof    that  the  rinc 
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and  water  were  in  a  state  of  powerful  tension  previous  to  the  actual 
contact."*  It  is  difficult  to  reconcile  this  with  the  experiment  of  the  half- 
discs  and  drop  of  water  made  by  Sir  W.  Thomson.  But,  at  any  rate,  a  con- 
sideration of  the  whole  of  the  facts  would  seem  to  point  out  that  the  only 
safe  conclusion  is,  that  in  any  series  of  cells  of  any  sort  the  electromotive 
force  is  a  complex  effect,  being  due  to  the  algebraical  sum  of  all  the 
dififerences  of  potential  due  to  dissimilar  contacts  2>lu8  the  algebraical  sum 
of  the  differences  of  potential  due  to  the  chemical  affinities  of  the  metals 
and  electroytes,  minus  any  opposin  gforce  d^e  to  polarisation,  &c. ;  and  that, 
so  far  from  being  the  exclusive  cause,  the  contacts  can  only  be  said  strictly 
to  have  a  share  in  producing  the  difference  of  potentials  between  the 
extremities  of  a  battery. f  And,  lastly,  we  may  with  advantage  compare 
the  statements  of  the  contact  theory  with  certain  other  well-ascertained 
facts.  Such  statements,  for  instance,  as  these  :  —  "  If  we  dose  the  circuit 
by  connecting  the  metals  by  a  wire,  we  then  have  constant  separation  of 
electricities  at  the  point  of  contact  of  different  metals,  and  constant 
recombination  attended  with  decomposition  through  the  electrolyte."  f 
<'  The  electricities  separated  at  the  metallic  junctions  recombine  through 
the  water,'-  "  whilst  the  current  flows  the  water  is  decomposed,"  § — which 
seem  based  on  the  assumption  that  the  principal  seat  of  the  electrical 
actions  is  not  to  be  looked  for  at  the  seat  of  the  chemical  actions.  But, 
now,  how  docs  this  fit  in  with  those  cases  of  electro-chemical  inversions 
noticed  by  De  la  Rive,  where  the  direction  of  the  current  in  a  cell  is 
reversed  by  simply  diluting  the  electrolyte  ?  Thus  zinc  is  negative  to  tin 
in  strong  nitric  acid,  and  mercury  negative  to  lead ;  but  in  weak  nitric 
acid  the  positions  are  reversed.  Hence,  if  couples  be  formed  of  these 
metals  in  strong  nitric  acid,  and  the  acid  be  gradually  diluted,  the  current 
first  ceases,  and  then  is  reversed  in  direction. 

Here,  without  altering  the  metallic  jimctions,  we  can  at  pleasure  alter 
the  direction  of  the  current,  and  therefore  also  the  direction  of  the  fall 
in  potential,  since  the  current  must  flow  from  high  to  low  potential.  This 
seems  conclusive  that  the  chemical  electromotive  force  must  be  even 
greater  than  the  contact  electromotive  force.    This  reversal  of  the  current, 

♦  Experimental  Researches  in  Electricity,  scries  viii.  par.  956. 
t  Amounting  in  a  Danicirs  cell  perhaps  to  60  or  70  per  cent,  of  the  whole  electro- 
motive force. 

X  Tait,  "  Thermodynamics,*'  sec.  IIG. 

§  Jenkin,  *'  Electricity  and  Magnetism,"  p.  54. 
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by  changing  the  scat  of  the  chemical  activity,  may  be  shown  in  another 
way,  depending  on  the  application  of  a  very  old  principle.  If  plates  of 
copper  and  clean  iron  be  connected  by  copper  wires  with  a  galvanometer, 
and  the  iron  rendered  passive  by  inunersiou  for  a  moment  in  strong  nitric 
acid,  then  if  these  plates  are  plunged  into  dilute  nitric  acid  the  galvano- 
meter indicates  a  strong  current  going  through  the  cell  from  the  copper 
to  the  iron.  If  they  be  removed  for  an  instant,  and  the  iron  plate 
touched,  on  again  immersing  the  current  is  found  to  be  reversed.  Or 
we  may  again  change  the  conditions,  and  notice  that  it  is  not  snfficieBt  to 
have  merely  two  different  metals  and  an  electrolyte  to  form  a  cell.  If 
plates  of  pure  gold  and  platinum  be  placed  in  nitric  acid,  the  most  deli- 
cate galvanometer  detects  no  current,  and  the  same  for  many  other  pairs 
of  metals  and  electrolytes. 

Here  we  have  contact  of  different  metals  producing  its  difference  of 
potential ;  yet  no  current  flows  round  'decomposing  the  electrolyte,"  as, 
according  to  the  contact  theory,  it  should  do ;  but  the  instant  we  give  play 
to  chemical  combination  the  ordinary  results  ensue.  If  the  extremities  of 
the  copper  wires  from  a  galvanometer  be  attached  to  iron  plates,  and  these 
plunged  into  separate  cups  of  dilute  nitric  acid,  on  making  connection 
between  the  two  cups  by  a  bent  iron  plate  dipping  into  each  no  current  is 
detected.  On  making  one  limb  of  the  connecting-plate  passive  and 
re-immersing,  a  strong  current  is  visible  ;  and  we  And  that  we  have  the 
direction  of  the  current  completely  under  conmiand  by  making  any  of  the 
four  plates  more  or  less  acted  on  than  the  other  three. 

If  these  experiments  are  to  have  any  importance  attached  to  them,  it 
can  scarcely  be  doubted  that  they  land  us  in  conclusions  similar  to  the 
others,  namely,  that  we  must  look  for  the  principal  source  of  the  electrical 
disturbance  at  that  place  where  the  greatest  chemical  activity  is  hmg 
brought  into  play  ;  and  that,  whereas  contact  of  metals  is  in  itself  pro- 
ductive of  definite  electrical  separation,  there  is  in  the  battery  another 
cause  assisting  in  the  production  of  difference  of  electrical  potential 
between  the  terminals,  viz.,  the  potential  chemical  combination  between 
the  metals  and  electrolytes  existing  when  the  circuit  is  open — the  energy 
of  the  current  produced  when  the  circuit  is  closed  being,  of  course  the 
equivalent  of  this  potential  energy,  which  disappears. — Procetdmga  of  the 
Physical  Society  of  London, 
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ON  THE  GENERAL  THEORY  OF  DUPLEX  TELEGRAPHY. 

By  Louis  Schwekdler. 

Ihtrodugtion. 

The  name  of  "  Duplex  Telegraphy  "  has  been  given  to  that  mode  of 
electric  telegraphy  which  admits  of  the  simultaneous  transmission  in 
opposite  directions  of  signals  between  two  stations  through  a  single  wire. 
That  this  name  is  far  from  happily  chosen  is  evident ;  but,  as  it  is  cur- 
rent and  has  already  gained  a  recognised  footing,  it  is  not  considered 
advisable  to  endeavour  to  replace  it  now  by  a  more  rational  one,  and  it 
win  therefore  be  adhered  to  throughout  this  paper.* 

In  the  following  investigation  I  shall  endeavour  to  develope  the  mathe- 
matical theory  of  "  duplex  telegraphy  "  in  its  most  general  form,  with  the 
object  of  determining  not  only  the  best  arrangement  for  any  particular 
method,  but  also  the  relative  values  of  different  methods. 

It  is  manifest  that,  having  from  general  considerations  decided  on  the 
best  method,  and  further  determined  the  best  arrangement  for  this  method, 
the  remaining  difficulties,  due  to  the  nature  of  the  problem  itself,  will  be 
exhibited  in  a  clearer  light,  and  the  means  of  overcoming  them  may  then 
be  more  easily  discerned. 

It  is  believed,  however,  that  the  sequel  will  show,  that  if  the  best 
method  be  adopted,  and  for  this  method  the  best  arrangement  be  selected, 
to  suit  the  particular  line  on  which  the  method  is  to  be  employed,  the 
difficulties  that  stand  in  the  way  of  duplex  telegraphy  will  hardly  be 
greater  than  those  which  are  encountered  every  day  in  ordinary  single 
telegraphy. 

Imperfect  Historical  Sketch. 

Having  access  to  but  scanty  records  in  this  country,  I  am  not  in  a  posi- 
tion to  give  an  exhaustive  history  of  this  most  important  invention,  and 
consequently  the  following  sketch  is  necessarily  incomplete,  and  must  be 
taken  as  merely  introductory,  it  being  relegated  to  those  better  situated 
in  this  respect  than  myself  to  clear  up  the  doubtful  points  of  priority,  and 
produce,  what  is  much  required,  a  complete  history. 

*  Tho  German  language  possesses  a  peculiarly  snitablo  word  in  Gegemprecki'n^ 
and  the  idea  is  fnlly  rendered  by  Glcichzeitiges  Geffensprechen. 

2n2 
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The  idea  of  sending  signals  in  opposite  directions  simultaneously  through 
a  single  wire  is  by  no  means  a  new  one.  As  early  as  1849,  Messrs. 
Siemens  and  Halske  of  Berlin  took  out  a  patent  in  England  *  for  the 
simultaneous  transmission  of  a  plurality  of  messages  by  a  suitable  combi- 
nation of  wires,  and,  although  this  patent  does  not  refer  directly  to  duplex 
telegraphy  as  it  was  subsequently  understood,  it  must  notwithstanding  be 
regarded  as  a  forerunner  of  it.  In  point  of  fact  Dr.  Werner  Siemens's  idea 
represents  the  general  problem,  of  which  duplex  telegraphy  is  only  a 
particular  case. 

In  1854  Dr.  Gintl  of  Vienna  tried  his  **  compensation "  method  of 
"  duplex  "  working  between  that  capital  and  Prague,f  and  on  the  30th 
November  of  the  same  year  read  a  paper  before  the  Kaiserlich  Konig- 
liche  Academy  of  Science  of  Vienna  J  on  the  practical  solution  of  the 
same  problem  by  employing  a  Bain^s  electro-chemical  telegraph  apparatus 
instead  of  a  Morse's  receiving  instrument. 

In  the  summer  of  1854,  after  Dr.  Gintl's  experiments  between  Vienna 
and  Prague  had  brought  the  subject  prominently  to  notice,  Messrs. 
Siemens  and  Halske  of  Berlin,  and  Herr  Frischen  independently,  invented 
the  **  differential  "  method. 

In  January  1855,  Edlund§  made  experiments  on  the  line  betweeu 
Stockholm  and  Gothenburg.  He  employed  a  "  differential "  method, 
which  he  had  invented  in  1848  for  the  purpose  of  measuring  accurately 
Faraday's  '*  extra-currents." 

In  papers  read  at  Paris  on  the  16th  July  and  6th  August,  1855,[ 
before  the  Academy  of  Science  by  M.  Zantedeschi,  he  claims  the  honour 
of  having  first  suggested  the  idea  of  duplex  telegraphy,  for  as  early  as 
1829  he  had  proved  the  possibility  of  the  simultaneous  transmission  of 
cun-ents  in  opposite  directions  through  a  single  conductor.  Having 
never  seen  his  original  communication  of  1829  it  is  impossible  for  me  to 
say  how  far  these  early  ideas  of  Zantedeschi  bear  on  the  problem;  but  it 
is  certain  that  both  he  and  Dr.  Gintl  took  a  great  deal  of  trouble  to 
prove  an  erroneous  theory,  viz.,  that  two  distinct  electrical  currents  can 
pass  simultaneously  in  opposite  directions  through  the  same  conductor 

*  23rd  October,  1841).    The  actual  wording  of  the  English  patent  is  anknown 
to  me. 

t  PolyL  Central  bl.  1853,  p.  1475. 
X  Wicu  Akad.  Sitzungsber,  xiv. 
§  l^^gg-  Ann.  1856,  vol.  xcviii.  page  034. 
.  1  Pogg.  Ann.  1856,  v6\.  x^iVm.  v«^?.^ '^-'2>« 
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without  in  any  way  interfering  with  each  other.  Such  a  supposition  is 
in  direct  opposition  to  the  electrical  laws  which  were  already  known  in 
1829,*  and  besides  is  in  no  way  required  in  order  to  explain  the  simple 
phenomenon  of  duplex  telegraphy.f 

None  of  the  above  methods,  however,  came  to  have  extended,  or 
indeed  any,  practical  application.  They  appear  to  have  been  attempted 
doubtingly  and  without  confidence,  and,  although  the  trials  are  generally 
reported  to  have  been  successful,  yet  the  methods  were  rejected  as  im- 
practicable, and  came  to  be  regarded  as  merely  of  scientific  interest. f 

Only  recently,  after  a  torpid  existence  of  almost  twenty  years,  has 
duplex  telegraphy  been  revived,  and  come  to  be  the  leading  topic  in 
telegraphy,  securing,  after  such  a  lapse  of  time,  the  amount  of  public 
interest  it  rightly  deserves. 

To  Mr.  Steams,  an  American  telegraph  engineer,  is  due  the  honour  of 
having  appreciated  the  real  value  of  duplex  telegraphy,  and  of  having 
(by  giving  the  system,  modified  by  improvements  of  his  own,  an  extended 
application  on  the  lines  of  the  United  States)  proved  its  thorough 
practicability. 


Inquiry  into  the  Causes  which  have  delated  the  Introduction 

OF  THE  System. 

When  Steinheil  in  1837  announced  his  discovery  of  the  feasibility  of 
employing  the  earth  to  complete  the  electric  circuit  instead  of  a  return 
wire,  telegraph  engineers  immediately  recognised  its  immense  mercantile 
value,  and  did  not  delay  to  verify  his  results. 

Now,  in  the  career  of  telegraphy,  the  invention  of  duplex  working 
ranks  second  only  in  importance  to  Steinheil's  discovery.  The  utilization 
of  the  earth  reduced  by  one-half  the  number  of  wires  required  to  carry  a 
given  traffic :  duplex  telegraphy  again  almost  halves  this  number.  In 
the  face  of  this  fact  it  is  not  easy  to  understand  why  the  oae  idea 
received  immediate  and  universal  application,  while  the  other,  of  only 
about  ten  years'  more  recent  date,  has  met  until  now  with  universal 

♦  Ohm  published  his  classical  work  "  Die  galvanische  Kette  mathematisch  bear- 
beitet "  in  the  year  1828. 

t  Dr.  Werner  Siemens,  Pogg.  Ann.  vol.  xcviii.  page  123. 

X  For  the  light  in  which  duplex  telegraphy  was  regarded  np  till  quite  lately,  see 
Schellen,  Ditb,  SaJnne,  Clavier,  KvhUy  &c. 
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neglect;  bat  on  closer  examination  it  will  be  foond  that  there  hare  been 
perfectly  comprehensible,  although  not  all  rational,  influences  at  work. 

An  inquiry  into  the  circumstances,  therefore,  that  have  caused  the 
discovery  of  a  system,  the  introduction  of  which  must  mark  the  second 
great  era  in  telegraphy,  to  lie  fallow  for  nearly  twenty  years  is  of  the 
utmost  interest,  and  cannot  fail  to  be  instructiye  with  r^ttrd  to  the 
prospects  of  future  progress. 

From  an  examination  of  the  methods  originally  proposed  for  duplex 
working,  it  will  be  found  that  they  do  not  in  any  way  esaentiidly  differ 
from  those  which  may  now  come  into  actual  use.  The  causes,  therefore, 
which  have  prevented  the  introduction  of  the  system  must  be  sought  for 
external  to  the  methods. 

The  first  of  these,  we  find,  is  that  the  invention  was  in  advance  of  the. 
requirements  of  the  age.  Telegraph  lines  had  already  been  constructed, 
which  were  quite  capable  of  carrying  the  given  traffic,  and  even  more. 
Further,  any  increase  in  traffic  could  be  met  by  an  increase  in  the 
number  of  wires  on  the  existing  telegraph  posts,  instead  of  by  resorting 
to  a  system  which  had  a  complex  appearance,  and  after  ail  might  not 
answer. 

However,  although  the  above  considerations  explain  the  course  of 
events  in  certain  limited  instances,  and  up  to  a  certain  time,  they  do 
nothing  towards  justifying  the  costly  expedients  that  have  been  generallj 
adopted  until  recently  in  preference  to  introducing  duplex  teleg^phy; 
for  instance,  the  reconstruction  and  multiplying  of  long  overland  lines, 
and  especially  the  laying  of  a  second  submarine  cable  when  the  traffic 
became  too  great  for  one. 

It  is  true  that  the  successful  application  of  any  duplex  method  requires 
lines  of  a  more  constant  electrical  condition,  receiving-instruments  of  a 
larger  range,*  and  telegraph  operators  of  a  somewhat  better  professional 
education ;  but,  surely,  these  three  conditions  have  not  all  at  once  become 
fulfilled  (since  1872)  so  as  to  make  duplex  telegraphy  possible  only  just 
now.  No  ;  the  causes  which  have  delayed  its  introduction  so  long  have 
been  of  a  much  less  technical  and  more  irrational  nature. 

♦  By  the  "  range  "  of  a  telegraph  instrument  I  understand  the  ratio  of  the  largest 
to  the  smallest  force  hy  which  the  instrument  in  question  can  be  worked  without 
requiring  a  fresh  mechanical  adjustment.  For  instance,  Siemen8*s  beaatifcil  rriajs 
can  he  easily  adjusted  to  a  range  of  20,  i.  e.  they  can  be  made  to  work  with  one  cell 
through  an  external  resistance  equal  to  their  own  resistance,  and  with  10  cells  throagh 

external  resistance,  n-ltliout  ^\\m^t^<i  tougue  a  fresh  adjustment. 
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The  mere  fact  of  the  duplex  methods  appearing  complex  prevented 
telegraph  administrations  from  thinking  seriously  of  introducing  them. 
The  ingenious  methods  were  never  tried  with  tliat  zeal  and  perseverance 
which  is  necessary  to  carry  a  new  invention  successfully  through.  They 
were  indiscriminately  rejected  after  a  few  trials  made  without  method  or 
consideration,  and  the  real  conditions  of  success  or  failure  were  never 
examined  or  pointed  out.  Thus,  naturally,  a  prejudice  was  created 
against  duplex  telegraphy,  and  it  was  fostered  by  a  host  of  school  litera- 
ture up  to  the  latest  time,  as  pointed  out  before.  Further,  not  a  single 
physicist  or  electrician  investigated  the  question  with  a  view  to  ascer- 
taining what  quantitative  effect  the  variable  condition  of  lines  has  on 
duplex  working  as  compared  with  single  working. 

If  such  an  investigation  had  been  made  it  would  have  been  found  that 
the  technical  obstructions  in  the  way  were  by  no  means  so  formidable  as 
had  been  represented,  and  that  the  electrical  condition  of  the  lines,  as 
well  as  the  perfection  of  the  instruments  and  the  professional  education 
of  the  staff,  would  have  fully  admitted  of  the  successful  introduction  of 
duplex  telegraphy  at  least  ten,  if  not  twenty,  years  ago. 

It  is  true,  indeed,  that  the  suggestion  of  using  condensers  for  balancing 
the  charge  and  discharge  of  a  line  has  only  been  made  very  lately,  being 
one  of  Steams^s  happy  ideas ;  but  this  should  have  been  no  reason  against 
introducing  the  system  on  short  and  overworked  lines,  where  the  charge 
and  discharge  are  imperceptible.  If  only  one  telegraph  administration  had 
shown  the  perfect  practicability  of  the  system  on  a  short  line,  the  cloud 
of  prejudice  would  have  been  dissipated,  and  suggestions  for  overcoming 
the  charge  and  discharge  on  long  overland  lines  and  submarine  cables 
would  have  been  readily  enough  given,  and  thereby  large  capitals  saved. 

To  sum  up,  therefore,  we  have  the  following  causes  which  acted  per- 
sistently against  the  introduction  of  duplex  telegraphy  :— 

Firstly,  the  invention  was  in  advance  of  the  age. 

Secondly,  the  telegraph  profession,  young  as  it  is,  is  far  more  conser- 
vative than  is  good  for  the  advance  of  telegraphy  ;  and,  on  the  whole, 
telegraph  administrations  and  staffs  have  by  no  means  that  professional 
education  which  is  required  to  conduct  practical  experiments  with  a  clear 
understanding,  and  thence  deduce  rational  conclusions.  Thus  prejudice 
was  created,  which  was  increased  from  year  to  year  by  authors  of  school 
literature  writing  most  discouragingly  of  the  subject. 

Thirdly,  unfortunately,  during  all  that  time  no  physicist  found  it  worth 
his  while  to  investigate  the  duplex  methods  with  a  view  to  ascertain 
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quantitatively  what  can  be  expected  of  them,  and  how  they  actually  com- 
pare, with  respect  to  safety,  with  single  working. 

Fourthly,  duplex  working  itself  could  not  progress,  because  it  was 
neither  tried  nor  investigated,  and  hence  no  suggestions  for  overcoming 
the  difficulty  of  charge  and  discharge  were  called  for. 

Great  honour  must  therefore  be  given  to  Mr.  Steams,  who  brought  up 
the  subject  again  so  prominently,  and  who  by  his  zeal  succeeded  in 
introducing  it  on  a  large  scale,  and  so  elevated  the  ingenious  methods 
from  the  questionable  position  of  "interesting  scientific  experimente." 

I  think  far  less  of  his  idea  of  introducing  condensers  or  RuhmkorflTs 
coils  to  balance  the  charge  and  discharge  of  lines,  than  of  his  having 
taken  the  neglected  child  up  again,  against  the  prejudice  of  his  own  pro- 
fession, and  shown  that  it  could  have  a  healthy  existence  eyen  in  the 
backwoods  of  America.  I  trust  that  these  remarks  will  not  be  considered 
irrelevant  in  the  present  investigation,  since  they  tend  to  show  how  real 
progress  in  one  of  the  youngest  branches  of  applied  science  may  be 
retarded  for  a  considerable  period  by  nothing  but  prejudice  of  the  pro- 
fession themselves,  for  whom  progress  should  be  the  first  essential ;  and 
administrations  will  see  how  much  the  advance  of  telegraphy  will  always 
depend  on  their  recognising  and  encouraging  by  experiment  inventions 
that  are  theoretically  sound  and  tend  in  the  right  direction. 


General  Considerations. 

Before  entering  on  the  solution  of  the  problem  for  any  particular 
duplex  method,  it  will  be  advisable  once  for  all  to  state  definitely  the 
nature  of  the  general  question  before  us.  This  will  not  only  save  time, 
but  the  subsequent  special  solutions  can  then  also  be  made  under  a 
general  guide,  and  thus,  being  well  linked  together,  the  whole  investiga- 
tion will  become  far  more  lucid  and  concise  than  it  otherwise  would  be. 

While  in  ordinary  (single)  telegraphy  the  signals  are  always  produced 
in  the  same  way,  i.  e,  by  the  signalling  current  arriving  through  the  line 
from  the  distant  station,  the  signals  in  duplex  telegraphy  may  be  pro- 
duced in  either  of  two  ways,  essentially  different  from  each  other, 
namely,  if  the  times  of  sending  from  the  two  stations  fall  together,  It, 
no  current,  or  double  current,  or  any  difference  of  currents,  is  in  the  hne, 
the  signals,  so  long  as  this  state  of  the  line  exists,  are  prodnced  wholly 
or  partly  by  the  battery  of  the  receiving  station.     Signals  produced  in 
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this  way  we  shall  call  "  duplex  signals,"  and  these  wignals  alone  indicate 
the  essential  diflference  between  duplex  and  ordinary  telegraphy. 

If,  however,  the  moments  of  sending  from  the  two  stations  do  not  fall 
together,  the  signals  are  then  produced  as  in  ordinary  telegraphy,  and 
may  be  appropriately  designated  "  single  signals." 

It  will  be  clear,  then,  that  when  the  two  stations  are  at  work  at  the 
same  time,  "  duplex  signals "  and  "  single  signals  "  must  necessarily 
follow  each  other  in  accidental  succession.  Nay,  one  and  the  same  signal 
produced  in  either  station  may  be  partly  a  "  duplex "  and  partly  a 
"  single  "  signal. 

To  secure,  therefore,  regularity  of  working,  the  signals  produced  in 
either  way  should  be  invariably  of  equal  strength. 

Further,  as  in  duplex  telegraphy  the  receiving  instruments  must  be 
always  permanently  connected  up  with  the  line,  it  is  one  of  the  first  re- 
quirements that  the  out-going  or  sent  current  from  any  station  should 
in  itself  have  no  effect  whatever  on  the  receiving  instrument  of  that  sta- 
tion, in  order  that  the  instrument  may  be  entirely  free  to  receive  signals 
from  the  distant  station.  Thus  we  have  invariably  two  conditions  to 
fulfil  in  duplex  working,  independent  of  the  particular  method  adopted, 
namely  :— 

1.  The  receiving  instrument  of  each  station  should  not  be  affected  by 

its  own  sending, 

2.  The  duplex  signals  and  single  signals  must  be  of  equal  strength. 

If  these  two  conditions,  which  are  necessary  and  sufficient,  could  be 
always  fulfilled,  duplex  telegraphy  would  be  entirely  on  a  par  with  single 
telegraphy,  for  the  sending  would  not  only  not  interfere  with  the  receiv- 
ing— the  more  important  condition  of  the  two — ^but  the  received  signals 
would  also  be  constant  in  strength,  and  therefore  frequent  adjustment 
of  the  receiving  instrument  would  be  no  more  required  than  in  single 
telegraphy. 

Theoretically  of  course  every  duplex  method  hitherto  suggested  fulfils 
these  two  conditions,  otherwise  the  method  would  have  to  be  rejected  a 
priori  and  could  not  find  any  place  in  this  paper. 

Practically,  however,  the  different  methods  may  behave  very  differently 
with  respect  to  the  fulfilment  of  these  two  conditions,  nay,  even  one  and 
the  same  method  is  sure  to  give  quite  different  results  in  this  respect  by 
only  altering  the  magnitude  of  the  resistances  of  which  the  arrangement 
consists.  For  in  practice,  variations,  especially  in  virtue  of  the  line  having 
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by  no  means  a  constant  electrical  condition,  are  necessarilj  going  on. 
These  unavoidable  variations  it  is  clear  may  cause  very  different  quantita- 
tive disturbances  of  the  two  conditions  (1)  and  (2)  either  if  we  compare 
different  methods  or  the  same  method  under  different  resistance  ar- 
rangements. 

To  make  the  foregoing  clear,  we  will  designate  : — 

By  p  the  force  which  acts  on  the  receiving  instrument  on  account  of 
not  being  able  to  fulfil  the  first  condition  absolutely  ; 

By  P  the  force  which  acts  on  the  same  instrument,  when  the  distant 
station  is  sending  alone,  t.  e,  "  single  signals ;" 

And  by  Q  the  force  which  acts  on  the  same  instrument,  when  hoUi 
stations  are  sending  simultaneousltfy  i,e,  "duplex  signals." 

Then  the  first  condition  (1)  is  expressed  by  : — 

p-0 (I), 

and  the  second  (2)  by 

P  -  Q  =  0 (U). 

Further,  if  p  cannot  be  always  kept  rigidly  equal  to  zero  (on  account  of 
unavoidable  variations  in  the  system)  we  should  at  least  have  :«— 

^  =  D  as  small  as  possible (m)i 

and,  if  P  cannot  be  always  kept  rigidly  equal  to  Q,  we  shoold  at  least 
have — 

P  —  Q  =  S  as  small  as  possible    ....     (IV) ; 

p,  P,  and  Q  being  functions  of  the  resistances  and  electro-motive  forces 
of  the  system,  which  arc  known  as  soon  as  the  particular  duplex  method 
has  been  selected. 

The  general  problem  which  is  to  be  solved  for  duplex  telegraphy  may 
now  be  clearly  stated  as  follows  : — 

D  and  S  are  two  known  functions  which  must  be  rigidly  equal  to  zero 
when  no  variation  in  the  si/stem  occurs  ;  and  which  for  any  given  variation 
in  the  si/stem  must  be  as  small  as  possible,  and  approximate  rapidly  to- 
wards  zero  as  the  variation  in  the  system  becomes  smaller  and  smaller. 

Thus  the  solution  of  the  problem  for  any  given  duplex  method  will 
always  be  a  question  of  the  Minima  and  Maxima  Calculus. 

Having  then  ascertained  the  best  arrangement  for  each  duplex  method, 
the  methods  can  be  compared  inter  se,  and  that  method  will  be  the  best 
and  should  be  selected  for  use  which  for  any  given  variation  in  the  system 
gives  the  least  absolute  magnitude  to  the  functions  D  and  S. 
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If  we  suppose,  however,  that  the  particnlar  duplex  method  is  not  given, 
the  problem  to  be  solved  becomes  more  general,  but  would  still  be  entirely 
within  the  limits  of  the  Variation  Calculus,  furnishing  no  doubt  a  very 
interesting  and  important  application  of  that  most  powerful  mathematical 
instrument.  The  general  solution  would  at  once  determine  the  best 
method  possible,  after  which  special  solutions  would  give  the  best  arrange- 
ment for  that  best  method. 

It  is,  however,  not  my  intention  to  endeavour  to  solve  here  the  duplex 
problem  in  this  most  general  form.  To  be  able  to  indicate  so  general  and 
desirable  a  solution  is  by  no  means  identical  with  being  able  to  effect  it. 
The  task  before  me  is  far  more  simple,  since,  as  already  pointed  out,  I 
shall  investigate  each  duplex  method  separately  to  determine  its  best 
quantitative  arrangement,  and  ultimately  compare  the  different  methods 
to  ascertain  their  relative  values. 

To  do  this,  the  question  may  be  attacked  in  two  different  ways,  de- 
pending on  the  purpose  for  which  ihe  solution  is  required. 

Namely,  either  the  solution  is  to  be  made  when  considering  the  line  as 
a  variable  conductor  only,  but  not  acting  perceptibly  as  a  Leyden  jar ;  or 
the  line  is  to  be  considered  as  constant  in  conduction  and  insulation,  but 
acting  as  a  Leyden  jar  of  large  capacity.  In  the  first  case  the  solution 
would  be  directly  applicable  to  short  overland  lines  (not  over  200  miles 
in  length),  and  in  the  second  case  to  submarine  cables,  which,  if  good, 
may  always  be  considered  sensibly  constant  in  conduction  and  insulation. 

Further,  as  a  long  overland  line  acts  both  as  a  variable  conductor  and 
as  a  Leyden  jar  of  sufficiently  large  capacity,  it  would  then  be  necessary 
to  give  a  solution  with  respect  to  both  these  effects.  To  obtain,  however, 
the  same  result  without  rendering  the  problem  too  intricate,  it  will  be 
best  to  separate  the  two  questions  from  the  beginning,  and  afterwards 
combine  their  solutions  judiciously  for  application  to  the  case  of  overland 
lines. 

Ist  Problem.  What  is  the  best  arrangement  of  any  given  duplex 
method  when  the  line  is  regarded  as  a  variable  canductor,  but  not  as  acting 
perceptibly  as  a  Leyden  jar  ? 

2nd  Problem.  What  is  the  best  arrangement  of  any  given  duplex 
method  when  the  line  is  regarded  as  a  Leyden  jar  of  large  capacity,  but 
not  as  a  variable  conductor. 

The  second  problem  may  be  expressed  more  clearly  as  follows  :— 
2nd  Problem.     What  must  be  the  distribution  of  condensers  along  a 
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given  resistance  in  order  that  the  two  essential  conditions  (I  and  II) 
may  he  least  disturbed  for  a  speed  of  signalling  variable  between  two  fixed 
limits  ?  ♦ 

It  is  clear  that  the  nature  of  these  two  problems  is  very  different, 
because  in  the  first  we  have  to  deal  with  forces  constant  with  respect  to 
time,  while  in  the  second  the  forces  acting  are  functions  of  time,  t.  e,  of 

*  A  telegraph  line  always  acts  as  a  condenser  with  capacity  and  condnction  re- 
sistance in  each  point  of  its  entire  length,  while  an  artificial  condenser,  soch  as  a 
Ley  den  jar,  which  we  are  enabled  to  produce  sufficiently  cheaply,  has  only  capacity 
but  no  perceptible  conduction  resistance  in  each  point.  This  is  in  fact  the  esaentiAl 
difference  between  a  line  and  a  condenser,  and,  therefore,  in  order  to  render  their 
charges  and  discharges  under  the  same  circumstances  as  nearly  as  possible  equal,  as 
is  required  for  duplex  working,  it  will  be  necessary  to  find  the  law  according  to 
which  to  distribute  a  certain  given  system  of  condensers  along  a  giren  resistance. 

This  law  will  clearly  be  a  function  of  the  signalling  speed  within  its  limits  of 
yariation.  For  instance,  say  the  signalling  speed  is  constant,  or  its  range  zero,  then 
clearly  one  condenser  connected  to  any  point  of  the  gi?en  resistance  would  suffice; 
only  the  magnitude  of  the  capacity  of  this  one  condenser  would  be  determined  by  its 
position  with  respect  to  the  resistance,  and  in  addition  to  this  would  of  coarse  be 
fixed  by  the  signalling  speed  and  the  known  capacity  of  the  line. 

Further,  say  the  speed  of  signalling  is  variable  between  0  and  OC,  or  its  range  is 
infinite,  then  clearly  only  an  infinite  number  of  small  condensers,  distributed  along 
the  given  resistance  in  the  very  same  manner  as  the  capacity  is  distributed  along  the 
line,  would  strictly  answer  the  purpose ;  in  fact,  the  condenser  reqoired  in  this 
imaginary  case  would  be  nothing  more  or  less  than  a  second  telegraph  line,  identical 
with  the  one  used  for  signalling.  In  practice,  however,  the  speed  of  signaUing 
varies  only  between  narrow  limits,  and  therefore  the  number  of  condenserB  required 
to  produce  as  nearly  as  possible  the  action  of  the  line  with  respect  to  charge  and 
discharge  will  become  few,  especially  if  the  best  system  of  distribution  has  been 
determined.  Until  this  law  is  known  we  can  do  nothing  but  find  it  approximatdy  by 
experiment,  however  tedious  it  may  be  to  do  so. 

It  has  also  been  proposed  to  use  Ruhmkorff*s  coils  for  balancing  the  effect  of 
charge  and  discharge.  This  method,  however,  I  believe  must  be  always  much 
inferior  to  the  one  of  using  condensers,  inasmuch  as  the  strength  of  a  voltaic 
induction  current  scarcely  depends  on  the  speed  of  signalling,  while  the  charge  and 
discharge  of  a  line,  it  is  well  known,  are  not  at  all  an  inconsiderable  function  of  the 
signallmg  speed. 

Therefore,  if  the  strength  of  the  induction  current  had  been  adjusted  to  balance 
the  charge  and  discharge  of  the  line  for  a  certain  signalling  speed,  the  balaoc« 
would  be  considerably  and  at  once  disturbed  if  the  speed  varied  eren  slightly;  asd, 
since  so  long  as  hand-signalling  is  used  a  certain  variation  in  the  speed  of  signalling 
will  always  exist,  this  method  will  prove  a  failure,  or  at  all  events  will  render  fresh 
adjustments  more  frequently  necessary  than  when  condensers  arc  used. 
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the  signalling  speed.  (The  forces  in  this  case  are  proportioned  to  the 
true  currents).  The  latter  problem  being  far  the  more  intricate,  and  for 
my  special  purpose  only  of  secondary  importance,  I  shall  begin  with  the 
solution  of  the  first. 


Solution  of  thb  1st  Problem  for  any  given  Duplex  Method. 

What  is  the  best  arrangement  of  any  given  duplex  method  when  the 
line  is  regarded  as  a  variable  conductor ^  but  not  as  acting  perceptibly  as  a 
Leyden  jar  ? 

I.  The  Bridge  Method.* 

This  arrangement  for  duplex  working  is  based  on  the  well-known 
method  of  comparing  electrical  resistances  "  Wheatstone's  Bridge,"  and 
figure  1  gives  the  general  diagram,  when  this  method  is  applied  for 
duplex  working. 


StS 


SUL 


*  Dr.  Werner  Siemens  mentions  this  method  in  Pogg.  Ann.  vol.  xcTiii.  p.  122, 1856. 

Mi  .  O.  Heaviside,  Phil.  Mag.  yol.  xlv.  1873,  stetes  that  Mr.  Eden  of  Edinburgh 
claims  to  have  snggested  this  method  at  about  the  same  time  as  Mr.  Steams  of 
Boston,  U.S.  America,  took  out  a  patent  for  it. 


STd  ABSTRACTS  AKD  EXXRACTSl 


Ej  elecsrocaodTe  force  of  the  agnallisg  bftstcnr. 

0,  ixi^enLftl  ressLstADce  o€  the  fsgnantng  batteiy. 

i.  ttaeignpb-luT  of  penliar  conatmctioti.  to  be  described  hereafter. 

7.  the  reeeiricg  iiuamiDent  ooosertcd  up  in  tbas  brmnch  of  the  bridge  which 
when  jot^aanL^  resisttaott  would  oootain  the  gahwDoaeicr.  The  letter  $  repre- 
ytL\&  «!si>  the  re^isttDce  of  the  recerring  instrament.* 

d,  h,  and  ^  are  the  brmcches  of  the  bridge. 

/,  the  resistance  between  the  rert-ooiitact  of  the  key  and  earth. 

<r,  an  additioBal  reriaCanee  to'  be  iaaerted  in  the  batterr  branch  for  reaaoos  to  be 
giren  farther  on. 

1,  the  resistance  of  the  resultant  fank  ("  real  abaohite  insalation  "  of  the  line) 
acting  at  a  dioance  f  from  stadon  I  and  at  a  distance  IT  from  station  II  (both  X 
and  f  expressed  in  resistance,  so  that  f  -f-  T  =  /  eqnal  the  "  real  ecmdnctor  rettst- 
ances  ^  of  the  line). 

Further : 

Z',  the  *<  measored  conductor  "  f  resistance  of  the  line  when  measored  from 
station  I, 

•  •  ^  "■  ^  +  i  +  r 

V,  the  "  measored  conductor "  *  resistance  of  the  line  when  measured  fnn 
station  II, 

/,  the  complex  resistance  of  the  duplex  arrangement  in  station  I,  t.  e.  the  resist- 
ance between  point  1  and  earUi. 

f'y  the  complex  resistance  of  the  duplex  arrangement  in  station  II,  i.  r.  the  re- 
sistance between  point  2  and  earth. 

To  be  quite  general  we  must  suppose  that  the  telegraph  line,  which 
connects  the  two  stations  I  and  II,  has  a  different  resistance  when 
measured  from  station  I  than  when  measured  from  station  II,  and  that 
therefore  the  best  resistance  arrangement  of  station  I  must  be  also 
different  from  that  of  station  II  with  respect  to  magnitude  of  reeistaiices. 


*  Siemens's  polarised  relays  are  well  adapted  for  this  purpose  on  accoimt  of  their 
great  sensitiTeness  and  wide  range  ;  d*Arlincourt*s  relays  wouM  also  answer  well. 

f  Generally  these  measured  values  L'  and  L'  will  be  different  from  each  other, 
especially  for  long  overland  lines.  They  can  become  equal  only  under  two  conditkHis, 
either  if  the  resistance  of  the  resultant  fault  (\)  is  so  great  that  the  total  oondnctor 
resistance  of  the  line  (J!  -\-  l"  =  V)  can  be  neglected  against  it,  or  for  any  magnitade 
of  7,  if  the  latter  has  a  position  in  the  middle  of  the  condoctor,  i.  e,  wbes 
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The  resistances  which  are  similarly  situated  in  both  the  stations  will 
be  designated  bj  the  same  letters,  and,  to  indicate  the  station  to  which 
they  belong,  each  letter  will  have  one  accent  in  station  I  and  ttvo  accents 
in  station  II. 

Further,  if  a  relation  between  the  resistances  of  one  station  has  to 
hold  good  between  those  of  the  other  station  also,  the  letters  vdll  be  used 
without  any  accents. 

The  great  practical  advantage  of  the  bridge  method,  it  will  be  clear  at 
once,  is  that  any  kind  of  receiving  instrument  which  has  been  used  for 
single  working  may  also  be  employed  for  duplex  telegraphy.  This  fact 
must  always  be  of  great  consideration  for  any  administration  that  con- 
templates the  general  introduction  of  duplex  telegraphy. 

General  expressions  for  the  two  functions  "  D  "  and  "  S  *'  :— 

To  obtain  the  functions  D  and  S  we  haye  first  to  deyelope  the  general 
expressions  for  the  forces  p,  P,  and  Q,  say  for  station  I. 

By  p'  we  understand  the  force  which  acts  on  the  receiving  instmment 
g'  of  station  I  when  that  station  is  sending  alone.     (Station  II  at  rest.) 

p"  in  our  particular  case  is  therefore  proportional  to  the  current  which 
passes  through  the  galvanometer  in  a  Wheatstone's  Bridge  when  balance 
is  not  rigidly  established,  thus 

A' 

where  A'  =  a'  c^'  -  b'  (L'  +  p")  =  a' d  ^  h'  c' 

and 

W-^{U  +  d'){a'  +  c')  +f{g'  (a'  +  h'  +  c'+  d')  +  (&  +  d')  (a'  +  h')} 

+  a'  c' (h'  +  d')  ^  h'  d'  {a'  +  c'). 

Further,  by  P'  is  understood  the  force  which  acts  on  the  receiving 
instrument  in  station  I,  when  station  II  is  sending  alone :  Single  Signals. 

This  force  in  our  particular  case  is  proportional  to  the  current  which 
passes  through  the  receiving  instrument  of  station  I  when  station  II  is 
sending  alone,  and  we  have  consequently 

where  G^  is  the  current  which  enters  the  line  at  point  2,  when  station  II 
alone  is  sending ;  C"  /i'  the  part  of  this  current  C  which  arrives  actually 
at  point  1  (on  account  of  leakage  between  points  2  and  1,  a  part  of  (J  is 
lost),  and  C"  p!  >//'  that  part  of  the  current  C*  yi  which  ultimately  pro- 
duces the  signal  {single  signal)  in  station  I.  The  current  C"  p!  arriving 
at  point  1  branches  ofif  in  two,  one  part  goes  through  a'  and  the  other 
through  g'  to  earth. 
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m 


Further  C  =  E*  p 

where  m"  =  /  (6"  +  d")  +  tf  (o*  +  b") 

t 

*  — (r  +  d')  (a'  +  5'  +  (/')  +  6'  (a'  +  g') 

and  N"  an  expression  identical  in  form  with  N'. 

Further,  by  Q'  we  understand  the  force  which  acts  on  the  receifing 
instrument  of  station  I,  when  both  stations  are  sending  simoltaneouslj: 
Duplex  Signals. 

This  force  is  again  proportional  to  the  current  which  under  these  dr- 
cumstances  passes  through  the  receiving  instrument  g*  of  station  L 

This  current  can  be  expressed  bj 


and  therefore, 


Q'«E'^',.-a>', 


(t'  being  the  current  actually  in  the  line  at  point  1  when  both  stations  are 

sending  simultaneously  ;  and  this  current,  being  the  algebraical  sum  of 

two  currents,  may  be  either  + ,  0,  or  — .   We  will  suppose  that  (/  contains 

the  sign  itself. 

Further  we  have 

,_  E'm'      Wm'    , 

^  -"F W^ 

n'  =  (h'  +  d'  +/)  {a'  +  (7')  +  6'  (/  +  d') 
and  0'  is  a  function  which  becomes  identical  which  i//'  if  we  put 

Therefore  the  two  functions  D  and  S  are  for  the  bridge  method  (station  I) 
most  generally  expressed  as  follows: — 

and  S' =  E"  J.  /  4,'  -  ^'  +  »>' (IV) 
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and  similar  expressions  will  be  obtained  for  station  II,  namely 

and       S^  =  E'^|l/>/.''-^''  +  a"i>" (IV^ 

Eigid  fulfilment  of  the  first  condition,  i.  c.  D  =  0: — 

For  station  I  we  have  D'  =:  0, 

which  equation  can  only  be  satisfied  by  A'  =  0 

since  the  other  factor  of  D'  cannot  become  zero  for  quantities  larger  than 
0  or  smaller  than  a.    -  Then  substituting  for  A'  its  value  we  have 

a'  (f  -  6'  (L'  +  p'')  =  0     (V) 

or  balance  in  station  I,  when  that  station  is  sending  and  station  II  is  at 
rest,  must  be  rigidly  established. 

Therefore,  if  balance  in  station  I  is  disturbed,  say  by  L'  varying  or  by 
any  other  cause*  external  to  L',  we  must  have  means  of  conveniently 
re-establishing  balance  without  delay.  This  of  course  could  always  bo 
done  by  altering  either  all  the  branches,  a',  b',  and  d't  or  any  two  of  them, 
or  only  one  of  them;  but  it  is  clear  that,  so  long  as  the  variation  of  L' 
which  disturbs  the  balance  does  not  exceed  certain  limits,  balance  may  bo 
regained  by  altering  only  one  of  the  three  branches  available,  and  as  this 
will  also  be  more  convenient  in  practice  than  altering  two  of  the  branches, 
or  all  three  simultaneously,  we  shall  make  the  supposition  that — 

"  Balance  is  re-established  by  an  appropriate  re-adjustment  of  one  of 
the  three  available  branchesJ*^^ 

The  question  therefore  is,  which  of  the  three  branches,  a,  ft,  or  d,  is 
the  best  adapted  for  the  purpose  ? 

To  decide  this  we  must  remember  that  for  station  II,  in  accordance 
with  the  first  condition  (D  =  0),  a  similar  equation  has  to  be  fulfilled, 
namely : — 

d'd''^h"{L"^p')  =  0 (V) 

*  Causes  of  distarbance  to  balance  external  to  U  are  inappreciable  in  practice  and 
therefore  may  be  neglected  from  the  beginning. 

t  Finally,  when  the  best  resistance  arrangement  has  been  fonnd,  the  resistance  of 
the  different  branches  will  be  expressed  in  terms  of  L,  and  therefore  to  keep  the  best 
arrangement  when  L  varies  between  any  two  given  limits  will  involve  necessarily  a 
simultaneons  alteration  of  the  resistance  of  all  the  branches. 

If,  however,  the  variation  of  L  is  small  in  comparison  with  L  itself,  an  alteration 
of  one  branch  for  the  purpose  of  re-establishing  balance  is  justified,  and  woald  be 
absolutely  correct  if  the  variation  of  L  were  infinitesimal. 

VOL.  III.  2  o 
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Now  p',  the  complex  resistance  of  the  arrangement  in  station  I,  is  a 
function  of  all  the  resistances  in  station  I,  and  similarly  p",  the  complex  re- 
sistance of  the  arrangement  in  station  II,  is  a  function  of  all  the  resistances 
in  station  II.  Therefore,  generally,  if  in  order  to  obtain  balance,  say  in 
station  I,  any  of  the  three  branches  a',  b',  d'  were  adjusted,  p'  would  alter 
in  consequence  of  this  re-adjustment,  and  thereby  the  balance  in  station  II 
(equation  V")  would  be  disturbed,  and  vice  versa.  In  other  words,  the  re- 
adjusting in  one  station  would  interfere  with  the  balance  in  the  other  station, 
and  therefore  rigid  balance  could  be  only  attained  after  a  series  of  succes- 
sive adjustments  in  both  the  stations,  and  then  only  from  a  theoretical 
point  of  view,  approximately,  introducing  practical  difficulties  almost  in- 
surmountable. 

However,  examining  the  positions  of  the  three  branches,  it  will  be  seen 
at  once  that  b  acts  as  the  galvanometer  branch  of  a  bridge  for  any  current 
arriving  through  the  line.     Thus,  if  we  were  to  fulfil  the  condition 

ad^fg  =  0     (VI) 

for  both  stations,  the  value  of  p  would  become  at  once  independent  of  b* 
and  consequently  any  adjustment  of  b'  to  re-establish  balance  in  station  I 
would  not  affect  in  the  slightest  degree  the  balance  in  station  II,  and 
vice  verad. 

Til  us,  pre-supposing  the  fulfilment  of  this  condition  (equation  VI)  for 
both  the  stations,  the  branch  b  would  evidently  be  the  best  suited  for 
adjustment.^  Under  these  circumstances  it  would  then  be  clear  that 
balance  in  either  station  can  be  obtained  by  a  single  adjustment  of  &,  and 
therefore  we  may  call  equation  VI  "  the  immediate  balance  coiuiition^^^  and 
the  fulfilment  of  this  condition,  being  of  the  greatest  practical  importance 
to  ensure  the  success  of  duplex  working,  we  are  justified,  nay  even  com- 
pelled, to  use  this  relation  (equation  VI)  as  the  basis  for  all  subsequent 
investigations. 

We  will  therefore  suppose  henceforth  that 

ad-fg  =  0      (VI) 

is  rigidly  fulfilled  for  both  the  stations. 

But,  as  the  value  of/  depends  on  the  position  of  the  key,  which  during 

Therefore,  if  «  rZ  — /^  is  very  near  zero,  p  becomes  meet  rapidly  independent  of  *. 

t  Further,  it  innst  be  remarked  that,  even  if  the  condition  a  <l—/'^srsO  bencx 
rigidly  fulfilled,  still  by  adjusting  in  the  branch  h  we  have  ^^  aeeeleraie^  balaneCt 
whereas  by  adjusting  in  a  ot  d  "w^  ^qxMotl  the  contrary  have  «*  retmrded  " 
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signalling  moves  from  contact  3  to  contact  4  and  back,  the  rigid  fulfil- 
ment of  equation  (VI)  necessitates  at  once  that 

w  +  fi^f     (VII) 

not  only  for  both  the  contacts  3  and  4,  but  also  for  all  the  intermediate 
positions  of  the  key.  Thus,  supposing  that  ti?  +  /J  =/,  t.  e,  the  resistance 
from  contact  4  through  battery  to  earth  equal  to  the  resistance  from  con- 
tact 3  to  earth,  a  key  constructed  in  such  a  way  that  contact  4  is  not 
broken  before  contact  3  is  made,  and  that  contact  3  is  not  broken  before 
contact  4  is  made,  would  fulfil  the  required  condition  entirely.  Keys  of 
this  kind  can  be  easily  enough  constructed.  It  is  true  that  in  any  such 
key  there  will  be  always  a  moment  when  the  contacts  3  and  4  are  simul- 
taneous, and  when  therefore  the  resistance  to  earth  is  not/,  as  it  ought  to 

be,  but  only  ^  •    If  it  is,  however,  considered  that  the  time  during  which 

this  error  lasts  is  very  small  compared  with  the  time  it  takes  to  make  a 
signal,  its  disturbing  effect  will  never  be  appreciable  in  practice,  i,e,  p 
will  remain  sensibly  constant  during  the  time  the  key  is  moved  to  produce 
a  signal. 

There  will  be  no  practical  difficulties  connected  with  the  fulfilment  of 
equation  (VII),  and  therefore  also  none  with  the  fulfilment  of  equation 
(VI) ;  for  /3,  the  internal  resistance  of  the  signalling  battery,  is  the  only 
quantity  which  of  itself  can  alter  in  time.  However,  this  variation  of  fi 
for  any  efficient  form  of  signalling  battery  being  invariably  steady  and 
small,  it  will  be  always  possible  to  neutralise  its  action  in  time  by  a  simple 
re- adjustment  of  w. 

If  Leclanche's  cells  are  used,  or  well-prepared  Minotti's,  a  weekly  ad- 
justment of  u;  should  be  sufficient.  The  measuring  of  (i  will  always  be 
an  easy  matter.* 

Rigid  fulfilment  of  the  second  condition^  i,e,  S  =  0:— 

The  general  expression  for  S'  was 
E'm"    .  ..      E'ft' 

n' 


Q/ -Ci  ^       I   II         Ea  0  f    ,  /TV'\ 


*  My  friend  Mr.  R.  S.  Broagh  suggested  the  following  very  simple  method  for 
keeping 

wt-f/3=/ (VII) 

Insert  a  small  galyanoscope  in  the  branch  h^  for  which  balance  is  established  with 
respect  to  the  received  current,  /.  c. 

ad-fg==0 (VI) 

Now  note  the  deflection  on  the  galvanoscope  when  both  stations  are  sending  simal- 
taneously,and  again  when  the  station  for  which  ^  is  to  bo  measured  is  sending  alone; 
then  clearly,  if  these  two  deflections  are  eqnal,  tv  -\-  ^  must  be  equal  to  f .   \l\3s\a\:w%i 
deflections  are  not  equal  then  alter  ic  until  tliey  \)Ccom<i  iiv\\v«\.    KWsx  >Qsi^  ^^"^i 
tioB  is  made,  the  /^airanoscopc  is  short-circuited. 

2  <>  2 
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Remembering  that  by  equation  (VII) 

we  know  that  }p'  =  ^\  and  substituting  further  for  tr'  its  value,  the  general 
expression  for  S'  becomes^ 

and  this  form  of  S  shows  at  once  that  it  is  perfectly  immaterial  for  duplex 
working  by  the  bridge  method  whether  the  same  or  opposite  poles  of  the 
two  signalling  batteries  be  put  to  line,*  for  in  both  cases  equation  (IV) 
becomes 

S'=%^  >L'-E'-, (IV) 

Further,  it  will  be  seen  that  the  right-hand  member  of  equation  (IV) 

A' 
can   be  transformed  f    into   E'  ^-„  which  is   equal   to  />',   or   we  have 

generally 

i.e.  the  difference  of  forces  hy  which  duplex  and  single  signals  in  the  ^anie 
station  are  produced  is  equal  in  magnitude  and  sign  to  the  force  hy  which 
balance  in  that  station  is  disturbed. 

Consequently  the  rigid  fulfilment  of  the  first  condition  (D  =  0)  will 
entail  the  rigid  fulfilment  of  the  second  condition  (S  =  0),  and  this  it 
will  be  clear  is  only  due  to  the  fact  that  the  complex  resistance  p  is  inde- 
pendent of  b,  and  that  the  key  during  signalling  does  not  alter  p  ;  whence 
it  follows  that  the  perfection  of  the  key  in  this  respect  is  of  the  greatest 
importance.  There  are,  however,  no  practical  difficulties  connected  with 
the  construction  of  a  key  which  fulfils  condition  (VII)  perfectly. 

By  the  aid  of  the  relations  given  in  equations  (VI)  and  (VII)  we 

*  In  practice  howeyer  I  prefer  to  pat  the  same,  namely,  the  positive,  poles  to  the 
line,  as  then  defective  insulation  will  not  be  felt  so  much. 

t  We  have — 

n 

« -       mk—  An 

N J 

.  s-     ^-*^ 

mk—  An 
~    &N  ' 
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have  therefore  gained  the  great  practical  advantage,  that  duplex  tele- 
graphy will  be  entirely  on  a  par  with  single  telegraphy  if  the  means  of 
attaining  rigid  balance  are  sufficiently  accurate,  convenient,  and  rapid. 

But,  even  supposing  that  we  are  unable  to  keep  that  balance  rigidly 
for  any  length  of  time  (on  account  of  L  varying),  we  can  nevertheless 
bring  the  regularity  of  duplex  working  as  near  as  possible  to  that  of 
single  working  by  making  D  and  S  as  small  as  possible  for  any  given 
variation  of  L. 

Rapid  approximation  of  the  two  functions  D  and  S  towards  zero. 
For  station  I  we  had— 

which  we  may  also  write^ 

s'  =p' « %*.  ; — A^-M (iv). 

m'  b' 


Since  xrv  = 


m 

h' 

and  iL'  =:  -r  • 

Further,  if  we  call  h'  the  value  of  ft,  which  in  station  I  establishes  rigid 
•balance  for  any  given  values  a',  rf',  and  L',  we  have— 

A'  =  6'  S  L', 
whore  h  L'  is  the  variation  L'  which  throws  the  balance  out,  and  which 
variation  may  be  either  positive,  zero,  or  negative  (8  L'  shall  contain  the 
sign  in  itself). 

Further,  substituting 


^  >/^  ^/ 


h 


T-=y 


I 


and  ^'  =  G', 
n 

the  expression  for  S'  may  be  written  as  follows  : — 

f  F'  \ 

S'  =;/  oc  G    L^  -  1    =  G'  F', 

\  V 

which  is  the  best  form  of  S'  for  our  purpose^ 


D'  =  ^  = 
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The  fanction  8'  consists  of  two  factors,  namely,  of  G',  which,  at  or 
near  balance,  is  proportional  to  the  current  by  which  duplex  and  single 
signals  in  station  I  are  produced,  and.  of  F',  which  at  balance  =  0. 

Therefore,  to  make  S'  as  small  as  possible  when  balance  is  disturbed, 
we  can  only  do  so  by  making  F'  as  small  as  possible,  which  is  evidently 

the  case,  for  y'  =  —y-  a  maximum.     Further, 

S' 

S'  =  G'  F, 
and  since  at  or  near  balance 

P'  a  G', 
it  follows  that 

D  =F, 
t.  e,  the  first  condition  is  also  fulfilled  by 

y  = — ^7—  a  maximum* 

Our  problem  for  station  I  would  therefore  bo  most  generally  solrod  if 
wo  make  the  function  y'  a  maximum,  remembering. that  the  variables  con- 
tained in  y'  have  to  fulfil  two  condition  equations,  namely  the  immeduitt 
balance  (equation  VI)  and  the  balance  (equation  V). 

Substituting  for  m'  its  value,  and  remembering  that 

,,_       a' 

"^       a'  +  g' 

on  account  of  the  immediate  balance  condition  (equation  VI),  we  get 

^  a'  -^g'       ^     b'  ^ 

but 

<^'  jg'  +  d')  _   . 
ol^g'     ~^ 
the  complex  resistance  of  station  I  (the  expression  for  p  has  become  thus 
simple  on  account  of  the  immediate  balance  condition  VI). 
Further 

(^  d'      T  /   ,     // 

(on  account  of  balance  in  station  I,  being  established,  equation  V). 
Thus  we  have 

y'  =  o'  +  o''  +  L' 
for  station  I. 
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And  similarly 

yl  /       I  //    T  ff 

for  station  II. 

Therefore  the  rapid  approximation  of  both  the  functions  D  and  S 
towards  zero  in  both  stations  is  obtained  if  we  make  the  complex  resistances 
p'  and  p"  maxima. 

Now  the  form  of  p  shows  at  once  that  it  has  a  maximum  for 

(a  +f)  =  {g^d), 

which,  in  consequence  of  equation  (VI),  gives  at  last 

<i=g=d=f (VIII.) 

From  the  development  of  this  result  it  will  be  clear  that  the  relation 
expressed  by  equation  (VIII)  must  hold  for  either  station  independent 
of  L. 

All  that  now  remains  is  to  determine  b^  and  further  to  fix  the 
absolute  magnitude  of  any  one  of  the  branches.  Before  doing  this  it  is 
however  necessary  to  inquire  what  the  other  factor  of  S,  namely  G, 
becomes  in  consequence  of  fulfilling  the  regularity  condition  as  expressed 
by  equation  (VIII.) 

The  current  which  passes  through  the  receiving  instrument  to  produce 
"  single"  as  well  as  "  duplex"  signals  is  at  balance  expressed  by 

G  =  E.  ? 7      X  const. 

(a  +  ^)  {  L  (a  +  ^)  +  2  a  (^  +  rf)| 

which  expression  has  a  maximum  for  either  a  or  g. 

The  maximum  of  G  with  respect  to  a,  it  will  be  seen,  contradicts  the 
regularity  condition,  since  a=g=d  could  only  satisfy 

da 

if  d  were  negative,  a  physical  impossibility. 

However,  the  maximum  of  G  with  respect  to  g  gives 

^^  =  L  (a«-H7«)  +  2ag{d^g)=zO 
a  g 

which  is  satisfied  by 

,a  =  gz=zd 

This  is  a  fortunate  coincidence  and  speaks  well  for  the  bridge  method. 

Now,  substituting  for  a  and  d  their  value  g  in  the  expression  for  the 
current  G,  we  get 

G  =  —  ^ —  X  const. 

4  L  +  2g 
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and  this  expression  multiplied  by  sjg  gives  the  magnetic  effect  of  the 
receiving  instrument,  namely: 

E       sjg      y.  const. 
4  L  +  2^ 

which  has  an  absolute  maximum  with  respect  to  47  for 

L 

Further  substituting  in  the  balance  equation  (V) 

«  ^2 

we  get  *  ~  6       ^^^^ 

We  have  therefore  the  following  two  equations  by  which  the  problem 
is  generally  solved 

a=g=d=f=^     (VIII; 

ft=  "^  =  ^ (IX) 

3  6  ^      ^ 

by  L  being  understood  the  measured  conductor  resistance  of  the  line  from 
that  station  for  which  the  best  resistance  arrangement  is  to  be  calculated. 

General  Results. 

1.  The  branches  of  the  bridge  with  the  exception  of  the  one  lying 
opposite  the  line  must  be  equal  to  each  other  and  severally  equal  to  half 
the  measured  conductor  resistance  of  the  line. 

2.  Tlie  branch  lying  opposite  the  line  should  be  equal  to  the  sixth 
part  of  the  measured  conductor  resistance  of  the  line,  and  in  this,  the 
smallest  of  all  the  branches,  re-adjustment  of  balance  should  be  made 
only. 

Nos.  1  and  2  necessitate  the  alteration  of  all  the  branches  if  L,  the 
measured  conductor  resistance,  alters  within  wide  limits.  A  determina- 
tion of  L  will  therefore  be  required  from  time  to  time. 

From  the  development  of  these  general  results  it  will  be  evident  that 
they  fulfil  the  following  conditions : — 

/.  The  irregularity  of  signals  in  the  one  station  is  entirely  independent 
of  the  irregularity  of  signals  in  the  other  station, 

II.  The  irregularity  of  signals  in  each  station  is  due  only  to  balance 
not  being  rigidly  established. 
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///.  If  balance  in  either  station  is  disturbed,  a  single  adjustment  in  the 
branch  b  will  re-establish  that  balance. 

IV.  Any  disturbance  of  balance  will  have  the  least  possible  effect  on  the 
received  signals, 

V.  Maximum  current  at  balance. 

VI.  Maximum  magnetic  effect  of  the  maximum  current  on  the  receiving 

instrument. 
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ITALIAN  TELEGRAPHS  IN  1873. 

From  the  Btatistical  report  on  the  working  of  the  telegraphs  in  Italy 
during  the  year  1873,  which  has  only  recently  been  published,  we  learn 
that  the  total  length  of  these  lines  throughout  the  kingdom  was  upwards 
of  22,000  kilometres,  as  compared  with  8,000  kilometres  in  1861,  whilst 
the  length  of  wires  during  the  same  period  has  increased  from  13,000 
kilometres  to  70,000  kilometres  ;  the  number  of  telegraphic  offices, 
which  in  1861  was  only  225,  with  about  400  instruments,  had  increased 
in  1873  to  1,625,  with  2,800  instruments.  In  1861  the  number  of  tele- 
grams sent  on  Government  service  was  180,000,  and  in  1873  no  fewer 
than  300,000  were  sent.  The  number  of  private  despatches  forwarded 
have  increased  on  a  still  larger  scale,  for,  whilst  in  1861  their  number  did 
not  exceed  600,000,  in  1873  they  amounted  to  5,040,000.  The  annual 
receipts  of  the  telegraphs  during  the  samo.  period  have  increased  from 
l,200,900f.  to  7,500,000f.,  whilst  at  the  same  time  the  expenditure  has 
not  even  been  doubled,  being  3,300,000f.  in  1861,  and  only  5,400,000f. 
in  1873.  During  the  course  of  the  year  1873  the  network  of  telegraphs 
was  increased  by  697  kilometres  of  lines  and  2,348  kilometres  of  wires, 
whilst  122  new  offices  were  opened  for  public  service,  and  seventy-five 
instruments  added  to  the  old  offices.  The  number  of  telegrams  sent 
showed  an  increase  of  681,246  on  those  of  the  previous  year.  The  service 
also  of  telegraphic  money-orders  has  also  increased  considerably,  and, 
whilst  -their  number  had  augmcntod  by  34,000,  their  value  has  been 
increased  by  9,500,000f.     The  capital  invested  in  the  telegraphic  admi- 
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nistration,  which  in  1872  amounted  to  13,600,000f.,  in  the  following  year 
was  estimated  at  14,250,000f.,  and  the  net  profits  for  that  year  amonntecl 
to  2,113,746f.  86c.,  representing  an  interest  on  that  capital  of  about  U 
per  cent.  Comparing  the  length  of  lines  to  the  area  of  the  country,  we 
find  that  the  average  for  the  whole  of  Italy  is  15  square  kilometres  per 
kilometre  of  line,  or  4  square  kilometres  of  area  to  1  kilometre  of  wire. 
In  the  Ligurian  provinces  the  average  is  the  highest,  being  9  square 
kilometres  per  kilometre  of  line,  and  2  square  kilometres  per  kilometre 
of  wire.  The  lowest  average  is  for  the  Island  of  Sardinia,  where  the 
average  is  25  square  kilometres  per  kilometre  of  line,  and  16  square  kilo- 
metres of  each  kilometre  of  wire.  Compaiing  these  figures  with  those 
for  other  European  countries,  we  find  that  Italy  ranks  with  Germany,  and 
comes  after  France  and  Austria,  which  countries  have  1  kilometre  of  line 
to  1 1  square  kilometres  of  territory,  or  1  kilometre  of  wire  to  4  square 
kilometres  of  area.  Belgium  and  Switzerland  are  better  provided  with 
telegraphs,  whilst  Spain  and  Hungary  stand  considerably  lower  on  the 
list.  The  daily  average  of  messages  sent  per  wire  is  73  in  Hungary,  C8 
in  Italy,  62  in  Spain,  47  in  Switzerland,  and  34  in  Belgium.  In  1873 
the  lines  and  instruments  were  struck  296  times  by  lightning,  touching 
1,028  poles  and  140  instruments,  and  gives  an  average  of  one  stroke  of 
lightning  for  each  66  kilometres  of  line.  During  the  same  year,  for  the 
maintenance  of  the  lines  in  Italy,  12,453  poles,  35,076  kilometres  of  wire, 
and  72,665  insulators  were  used.  Each  telegraphic  office  serves  on  an 
average  five  communes,  or  one  for  each  181  square  kilometres  of  area,  or 
one  for  every  16,402  inhabitants.  The  consumption  of  materials  for  the 
batteries  in  1873  was  8,078  glass  jars,  34,000  kilogrammes  of  zinc, 
24,000  kilogrammes  of  sulphate  of  copper,  whilst  in  the  offices  24,000 
kilogrammes  of  paper  strips  for  the  instniments,  and  150,000  kilogrammes 
of  printed  forms  for  messages  were  used.  The  greater  number  of  foreign 
telegrams  were  sent  from  Liguria  and  Lombardy,  whilst  the  provinces 
which  sent  the  fewest  were  the  Abruzzi,  Umbria,  and  Calabria.  With 
regard  to  the  telegraphic  correspondence  between  Italy  and  other  countries, 
35  per  cent,  is  with  France,  24  per  cent,  with  Austria,  12  per  cent,  with 
Great  Biitain,  9  to  15  per  cent,  with  Germany  and  Switzerland,  5  to  10 
per  cent,  with  Belgium,  Holland,  Russia,  and  Turkey,  and  about  1  per 
cent,  for  Algiers,  Tunis,  America,  Denmark,  Egypt,  Greece,  Portugal, 
Persia,  Norway,  Roumania,  Spain,  &c.  The  increase  in  the  number  of 
telegrams  in  transitu  for  1873  was  26,546. 
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TELEGRAPHIC  PROGRESS. 

The  Central  American  Telegraph  Company  announce  that  they  have 
received  information  to  the  effect,  that  the  line  from  Para  to  Cayenne  and 
Demerara,  as  also  the  lines  fix)m  Trinidad  to  St.  Croix  and  Porto  Rico, 
have  been  successfully  completed,  thus  giving  direct  telegraphic  commu- 
nication between  Brazil,  the  West  Indies,  and  North  America.  These 
lines  will,  in  accordance  with  agreements,  become  the  property  of  the 
West  India  and  Panama  Company. 

The  new  enemy  to  our  submarine  cables  which  has  appeared  on  our 
sea-coasts,  and  which  has  developed  a  strange  taste  for  gutta-percha,  has 
been  found  to  be  the  Limnoria  terebrans^  a  little  worm  about  one-quarter 
of  an  inch  long.  The  Limnoria  terebrans  is  not  the  only  enemy  to  gutta- 
percha covered  wires.  Rats,  in  several  instances,  ^Jave  developed  a 
strong  taste  for  this  insulating  medium.  In  Bristol,  lately,  they  suc- 
ceeded in  finding  their  way — owing  to  the  subsidence  of  the  soil — out  of 
an  old  drain  into  the  flush  boxes  in  the  streets,  and  devouring  the  gutta- 
percha coating  of  the  wires,  which  were^  thus  exposed.  Some  even 
ascended  the  pipes,  helping  themselves  to  a  mouthful  of  gutta-percha  at 
different  points.  It  is  probable,  however,  that  the  shocks  which  passed 
through  them,  on  reaching  the  copper  wire,  so  astonished  their  weak 
nerves  that  the  damage  they  committed  was  not  serious. 

Many  of  the  officers  of  the  late  Electric  and  International  Telegraph 
Company,  and  also  members  of  the  Society,  will  be  glad  to  learn  that  their 
old  friend  and  colleague,  Mr.  H.  Shiitz  Wilson,  is  continuing  to  gain 
laurels  in  the  pleasant  fields  of  literature  for  which,  at  the  transfer,  he 
gave  up  the  rougher  paths  of  Telegraphy.  His  "  Studies  and  Romances," 
published  by  King  &  Co.,  and  "  Philip  Mannington,"  a  novel  published 
by  Tinsley,  are  rapidly  running  through  their  first  edition,  and  are  much 
sought  after  at  Mudie's,  Smith's,  and  other  libraries.  Many  will  re- 
member Mr.  Wilson's  early  productions,  published  twenty  years  ago,  in 
that  pleasant  and"  creditable  but  very  scarce  publication  Our  Magazine, 
produced  entirely  by  officers  of  the  Electric  and  International  Telegraph 
Company. 

Mr.  Wilson  was  Secretary  to  the  Society  at  its  establishment  and  for 
some  time  afterwards. 
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The  following  is  an  account  of  the  erection  of  a  new  line  in  the  United 
States  : — 

"The  materials  used  are — the  American  patent  compound  wire  and 
Brooks's  insulator.  The  poles  are  some  of  the  best  that  I  have  seen,  but 
I  cannot  definitely  say  what  class  of  timber  is  employed,  as  I  am  not  yet 
aufaii  in  the  different  kinds  of  wood  which  are  grown  here.  Specimens 
of  the  compound  wire  I  have  seen  in  England  :  it  is  mainly  composed  of 
steel  or  homogeneous  iron,  with  an  envelope  or  coating  of  copper,  and  oYcr 
this  an  external  covering  of  tin.  It  is  supposed  to  possess  a  high^  con- 
ducting power  than  the  ordinary  line  wires,  and  consequently  need  not  be 
so  large  or  heavy  as  they  are.  After  the  erection  of  the  poles,  with  the 
insulators  fixed  to  them  in  the  ordinary  way,  the  process  of  running  and 
stretching  the  wire  is  commenced.  The  wire,  which  is  prepared  in  coils 
of  a  mile  in  length,  is  placed  on  a  drum  (one  coil  at  a  time)  ;  thisis 
fixed  to  a  small  wagon,  and,  after  shackling  off,  away  they  start,  uncoiling 
the  wire  as  they  go.  The  entire  wiring  gang  consists  of  but  five  or  sii 
men — one  to  attend  to  the  wagon;  two  to  bind  in  the  wire  to  the 
insulators,  i.e.,  one  at  a  pole  ;  and  two  or  three  for  stretching  the  wire, 
which  is  done  by  hand.  The  horse  moves  off ;  the  two  men,  having 
strapped  the  climbing-irons  on  to  their  legs,  ascend  the  poles  and  hook 
the  wire  on  to  the  insulator.  Speaking  of  these  climbing-irons,  they 
seem  to  me  to  be  wonderfully  good  things  for  telegraph  work,  and  I  am 
surprised  that  no  attempt  has  ever  been  made  to  introduce  them  into 
England.  They  have  a  spike  on  the  inner  side  of  the  instep  of  each  foot, 
and  by  means  of  them  a  pole  is  scaled  as  easily  as  if  a  ladder  were 
employed,  whilst  they  dispense  with  all  the  trouble  and  expense  of  carry- 
ing it  about.  The  wire,  being  hooked  into  the  insulator,  is  then  polled 
very  tight  by  the  two  or  three  men  whose  special  duty  this  portion  of 
the  work  is,  and  finally  bound  in — by  the  men  up  the  poles — ^mth  pieces 
of  the  ordinary  binding  wire  some  four  inches  in  length.  Each  of  these 
operations  occupies  almost  less  time  than  it  takes  me  to  describe  them ; 
and,  although  it  appears  next  to  incredible,  I  have  seen  the  gang  of  whom 
I  speak  run,  stretch,  and  fasten  off  as  much  as  16  miles  of  wire  in  a  day, 
not  in  one  solitary  instance,  but  on  several  occasions.  I  have  never  seen 
a  wire  stretched  tighter  with  the  vice ;  in  fact,  I  think  they  err  out  here 
in  pulling  their  wires  too  tight  ;  it  would  never  do  to  pull  the  ordinary 
line  wires  like  this :  however,  if  they  weather  the  frost,  a  fow  ohms  in 
the  resistance  will  doubtless  be  saved  !  The  lines  are  worked  in  close*l 
rircuit." 
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TELEGRAPHIC  PROGRESS  IN  1874. 

Of  the  progress  of  telegraphy  during  the  past  year  much  may  be  said, 
for  many  important  works  have  been  carried  out  which  have  brought  the 
commercial  relatitius  of  Tarious  parts  of  the  world  closer  together,  and 
have  bound  so  many  countries  in  such  near  telegraphic  alliance  that  now 
scarcely  a  place  can  be  found  which  is  not  already  in  electrical  com- 
munication with  the  rest  of  the  world ;  of  such  few  points  which  still  are 
without  this  modern  necessity  schemes  are  already  on  foot  to  bring  them 
within  the  "  girdle."  Whether  we  look  at  home  or  abroad  telegraphic 
progress  appears  equally  satisfactory. 

Glancing  at  the  progress  made  at  home,  the  continued  success  of  the 
transfer  of  the  telegraph  to  the  State  at  once  attracts  our  attention. 
The  abandonment  of  the  old  Electric  Company's  head  office  in  Telegraph 
Street,  which  had  been  found  far  too  small,  and  the  simultaneous  occupa- 
tion of  the  new  instriunent  galleries  at  the  General  Post  Office,  took 
place  at  the  very  commencement  of  the  new  year  with  the  greatest 
success,  and  from  the  moment  of  change  eyerything  progressed  satis- 
factorily. 

The  change  was  indeed  an  important  one,  when  it  is  considered  that 
tlie  whole  internal  and  external  communication  of  London,  its  pneumatic 
tube  system,  and  everything,  had  to  be  suddenly  changed  from  one  centre 
to  another,  and  yet  the  transformation  was  accomplished  in  but  a  few 
minutes.  Arrangements  had  been  progressing  for  a  long  period  to 
perfect  the  transfer,  the  battery  room  charged  with  more  than  20,000 
cells  arranged  systematically  for  the  London  and  provincial  circuits,  the 
instrument  galleries  subdivided  into  sections,  the  counters  provided  with 
instruments  and  wires  from  the  testing  and  battery  boxes ;  although  the 
change  occupied  weeks  in  its  arrangement,  the  actual  accomplishment  of 
it  was  carried  out  in  less  than  six  minutes.  This  operation  reflected  the 
highest  praise  on  the  electrical  staff  engaged. 

The  pneumatic  system  of  the  Post  Office,  by  the  removal  of  the  head 
station  further  west,  the  opening  of  new  "  tube "  stations,  and  the 
duplication  of  many  of  the  lines,  has  been  largely  increased,  and  con- 
sequently increased  engine  power  had  to  be  obtained.  The  engines  and 
boilers,  designed  by  Eastons  and  Anderson,  have  been  found  to  do  their 
work  admirably,  and  the  various  arrangements  connected  with  the  pres- 
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sure  and  vacuum  pumps,  the  sending  and  receiving  valves,  are  considerctl 
most  complete. 

An  important  change  has  been  effected  during  the  year  by  the  more 
complete  adoption  of  the  **  Sounder  "  instrument.  This  is  a  step  in  the 
right  direction,  and  the  '*  Sounder  "  will  eventually  become  the  principal 
instrument  in  use  by  the  department.  Its  introduction  will  be  slow  and 
gradual,  but  unquestionably  its  use  will  be  found  attended  with  the 
greatest  success. 

The  Duplex  system  has  been  found  to  answer  admirably,  and,  where 
business  had  increased  to  such  an  extent  as  to  require*  extra  accommoda- 
tion, has  been  at  once  introduced  to  the  improvement  of  the  working. 
On  short  circuits  the  ordinary  Duplex  system  has  been  nsecl,  but  in 
longer  circuits  the  system  known  as  "  Stearns's  "  has  been  adopted.  At 
the  present  time  the  total  mileage  of  wire  working  on  the  Duplex 
principle  is  over  12,000  miles,  the  largest  circuit  being  450  miles.  For 
news  traffic  especially,  the  Wheatstone  automatic  continues  largely  to  be 
introduced,  and  without  such  an  instrument  it  would  seem  difficult  to 
carry  on  so  great  a  traffic. 

The  general  working  of  the  telegraphs  throughout  the  empire  has  been 
most  satisfactory  ;  the  breakdowns  due  to  wind,  frost,  and  snow,  have 
not  been  more  than  usually  numerous,  although  great  severity  of  weather 
has  been  felt ;  the  precautions  taken  in  preserving  the  telegraph  plant  of 
the  country  in  an  efficient  state  have  proved  effectual  in  enabling  it  to 
withstand  the  attacks  of  weather.  By  sea  the  department  has  not  been 
so  successful,  for  there  has  been  a  series  of  interruptions  to  the  submarine 
cables.  Tlie  Channel  Islands  cables,  between  Jersey,  Guernsey,  and 
Alderney,  have  been  interrupted  by  the  cables  parting  ;  conmiunication 
between  Dartmouth  and  Guernsey  has  been  twice  interrupted  (remaining 
so  at  the  present  moment);  the  Irish  cables  between  Abermawr  and  Wex- 
ford, and  Holyhead  and  Dublin,  various  of  the  Scotch  cables,  and  many 
smaller  cables  have  required  repairs. 

The  repairs  to  the  Wexford  and  Dublin  cables  revealed  a  state  of 
affairs  which  has  a  serious  bearing  upon  the  future  of  these  and  many 
other  cables.  It  was  found  that  certain  worms  of  the  "  boring"  species 
had  made  havoc  with  the  hemp,  and  that  others  of  a  smaller  kind  had  not 
only  scored  and  marked  the  gutta-percha,  but  had  penetrated  directly 
inward  to  varying  depths,  even  to  the  conductor,  for  one  actual  fault 
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was  caused  by  one  of  these  worms,  a  small  insignificant  looking  object  of 
less  than  ^  in.  long.  Their  presence  has  been  known  in*  the  south  and 
in  various  places,  but  this  seems  to  be  their  first  appearance  in  the  Irish 
Channel.  Wherever  an  opening  appears  in  the  cable  the  worms  enter, 
the  one  kind  destroying  the  hemp  whilst  the  other  bores  directly  inward 
to  the  conductor.  This  is  an  enemy  which  must  deserve  especial  attention 
in  order  to  protect  its  attacks. 

The  cables  round  the  coast,  the  property  of  the  Submarine  Company, 
and  those  belonging  to  the  Post  OflBce  leased  to  them,  have  been  gene- 
rally in  good  working  order.  Several  accidents  have  happened  and  the 
necessary  repairs  effected,  whilst  some  important  renewals  of  shore-ends 
have  taken  place. 

Railway  electric  signalling  appears  greatly  on  the  increase,  the  block 
system  being  as  rapidly  extended  as  circumstances  will  admit,  successive 
accidents  giving  a  spur  to  its  further  development.  Trials  have  been 
made  with  electrical  semaphores  which  appear  to  have  met  with  some 
success.  To  this  we  shall  look  forward  as  an  important  application  of 
electricity  to  railway  purposes. 

Turning  our  attention  abroad,  we  find  great  and  extended  progress 
made  in  almost  every  quarter  of  the  globe. 

A  fifth  Atlantic  cable  has  been  laid  for  the  Anglo- Ajnerican  Telegraph 
Company,  whilst  an  almost  successful  attempt  was  made  to  lay  the  Direct 
United  States  Cable.  Although  this  cable  was  so  far  laid  as  to  warrant 
the  officials  stating  it  was  ''  practically "  laid,  yet  so  far  as  business  is 
concerned  it  is  **  practically"  useless.  The  amalgamation  of  the  Anglo- 
American  and  French  Atlantic  Companies  enabled  them  to  lay  a  fourth 
cable  in  1873,  and  gave  them  a  surplus  of  900  miles  of  cable;  this  with 
an  additional  1,100  miles  to  be  manufactured,  it  was  determined  to  make 
a  fifth  Atlantic  cable  to  be  submerged  by  the  Great  Eastern.  It  may 
here  be  remarked  that  the  1865  cable  has  been  practically  abandoned,  no 
attempts  having  been  made  towards  its  recovery.  The  extra  cable 
required  was  manufactured  by  the  Telegraph  Construction  and  Mainte- 
nance Company,  and  successfully  submerged  by  their  officers  in  the 
Great  Eastern.  The  voyage  was  attended  by  a  succession  of  gales,  but 
the  work  was  completed  in  September,  the  total  length  of  this  cable 
between  Valentia  and  Heart's  Content  being  1 837*045  knots.  The 
Anglo-American  Company  have  purchased  a  repairing  vessel  to  replace 
the  Robert  Lowe,  which  was  lost  off  Newfoundland. 
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The  Direct  United  States  Cable  was  manufactured  in  its  entirety  by 
Messrs.  Siemens  Brothers,  who  had  the  contract  also  for  laying  the  cable ; 
for  this  they  had  built  expressly  the  Faraday,  a  cable-ship  of  very  large 
dimensions.  The  route  of  the  cable  was  to  be  not  very  dissimilar  to  the 
existing  routes.  The  Faraday  and  the  attendant  steamers  succeeded  in 
submerging  the  cables  between  the  American  coast  and  Newfoundland 
(this  end  was  not  landed),  after  great  delay  occasioned  by  fog  and  general 
bad  weather;  the  vessels,  however,  returned  to  England,  and  subsequently 
left  for  paying  out  from  Ireland.  The  submergence  went  on  success- 
fully until  the  10th  of  September,  when,  after  paying  out  600  miles  of 
cable,  it  parted  in  deep  water  in  a  heavy  gale,  the  Faraday  having  to 
haul  back  in  consequence  of  a  slight  fault.  After  very  great  delay,  the 
weather  being  so  boisterous,  the  cable  was  recovered  in  very  deep  water ; 
the  splice  was  made  and  paying  out  proceeded  satisfactorily  until  near  the 
Newfoundland  coast,  when,  a  fault  having  passed  overboard,  the  cable  was 
buoyed  owing  to  a  gale  of  wind  preventing  operations.  Since  then  the 
ends  have  been  lifted,  but  owing  to  fogs  and  gales  nothing  has  been  done 
to  render  the  cable,  which  is  "  practically  "  laid,  "  practically  "  useful.  A 
slight  fault,  however,  remains  in  the  cable. 

A  large  amount  of  cable- laying  has  been  accomplished  during  the 
year,  especially  by  the  Telegraph  Construction  and  Maintenance  Com- 
pany, who,  in  addition  to  the  Atlantic  Cable,  have  laid  cables  from 
Jamaica  to  Porto  Rico,  647  knots ;  from  Dominico  to  Martinique,  37^ 
knots  ;  Madeira  to  St.  Vincent,  1198  knots;  Zante  to  Otranto,  187 
knots;  St.  Vincent  to  Pernambuco,  1844 J  knots;  Kilia  to  Odessa,  349] 
knots  ;  giving  a  total,  including  the  Atlantic,  of  6101  knots.  Of  this 
amount  about  2500  knots  were  manufactured  during  the  the  past  year. 

At  the  close  of  1873  the  first  section  of  the  Brazilian  Submarine 
Company's  cable  from  Lisbon  to  Madeira  remained  incomplete.  During 
the  past  year  the  cable  was  recovered,  and  communication  successfully 
established  between  those  points.  Subsequently  the  sections  between 
Madeira  and  St.  Vincent  and  St.  Vincent  and  Pernambuco  were  finished, 
so  that  our  communications  with  Southern  America  are  practically  com- 
plete. The  cables  of  the  Western  Brazilian  and  the  Montevidean  Com- 
panies, also  the  Central  American,  complete  the  communication  with 
the  River  Plat^  on  the  one  hand  and  Dcmerara  on  the  other,  where  a 
cable  will  connect  the  West  India  Islands  with  the  South  American  coa^t. 
Eastward  a  cable  has  been  laid  between  Barcelona  and  MarseilleSy  opening 
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up  a  new  route  of  traffic  from  Spain,  the  lines  vid  France,  owing  to  the 
Carlist  war,  being  almost  perpetually  interrupted.  The  same  cause  led 
to  the  removal  of  the  end  of  the  Direct  Spanish  cable  from  Bilbao  to 
Santander. 

The  Black  Sea  Company  was  established  during  the  year,  and  a  cable 
successfully  laid  for  them  from  Odessa  to  Constantinople.  Several  com- 
panies have  also  appeared,  but  subsequently,  owing  to  the  want  of  the 
necessary  support,  disappeared. 

Various  interruptions  have  occurred  to  the  many  submarine  cables 
daring  the  year«  but  none  can  be  considered  of  great  consequence  as  they 
were  all  sucessfully  and  rapidly  repaired.  The  1865  Atlantic  cable, 
however,  as  we  have  said,  remains  broken  down,  no  attempt  being  made 
to  repair  it.     It  is  generally  considered  to  be  practically  abandoned. 

Of  future  submarine  extensions  we  may  mention  that  concessions  have 
been  obtained  for  the  extension  of  communication  on  the  Peruvian  and 
western  coast  of  South  America,  and  also  from  the  Cape  of  Good  Hope 
to  Aden  vid  Natal  and  Mauritius. 

During  the  year  a  Submarine  Telegraph  Conference  was  held  relative 
to  the  charges  for  messages  eastward.  A  satisfactory  arrangement 
between  the  companies  was  arrived  at,  and  the  scale  of  charges  fixed. 
The  immense  value  of  the  telegraph  has  had  an  additional  increase  in  the 
services  rendered  by  it  in  the  recent  transit  of  Venus.  By  means  of  the 
wire,  the  longitudes  of  various  points  of  astronomical  observatories  fixed 
specially  for  this  occasion  have  been  definitely  determined.  In  meteor- 
ology, also,  the  telegraph  continues  to  lend  its  assistance,  in  daily  trans- 
mitting to  various  stations  news  of  the  coming  weather. 

We  adverted  to  the  loss  of  the  Robert  Lowe  cable-repairing  steamer, 
and  of  the  fact  of  her  place  being  supplied  by  another  vessel.  Our 
notice  cannot  be  concluded  without  referring  to  the  loss  .of  the  La  Plata 
on  her  voyage  to  the  River  Plate,  which  occurred  in  the  Bay  of  Biscay 
so  very  recently.  She  carried  a  quantity  of  cable  to  complete  a  missing 
Unk  in  the  South  American  chain,  which  strangely  was  broken  by  the 
loss  of  the  Gomos  carrying  out  cable  for  that  object. — Engineering. 
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MAJOR-GENERAL  MEYDAM. 

We  regret  having  to  announce  the  death  of  Major-General  Meydam, 
Director-General  of  Telegraphs  in  the  German  Empire,  and  Foreign 
Member  of  this  Society. 

The  following  notice  of  his  career  is  extracted  from  "  Le  Journal 
Telegraphique : " 

**  Theodore  Meydam  was  born  on  the  13th  of  September,  1827,  at 
Crassen-on-the-Oder,  at  which  town  he  commenced  his  education,  being 
subsequently  sent  to  College  at  Breslau,  which  he  quitted  in  1845,  after 
passing  the  usual  examination. 

"  On  the  24th  of  October  in  the  same  year  he  began  his  military  career 
as  a  volunteer  in  the  5th  Division  of  the  Engineers.  In  1847  he  was 
made  second  lieutenant,  and  on  the  31st  1859,  captain  of  the  seeonii 
class  in  the  Engineer  Corps.  At  this  period  the  promising  qualities  h 
exhibited  resulted  in  his  being  sent  to  Paris  for  two  years  to  acquire  t 
thorough  knowledge  of  the  French  language.  On  his  return  he  was 
attached  to  the  staff,  and  shortly  afterwards  he  was  promoted  to  the  rank 
of  major. 

"  In  this  capacity  he  served  through  the  Danish  campaign  in  1864, 
and  in  that  against  the  Austrians  in  1866.  In  the  former  he  was  en- 
gaged in  the  Siege  of  the  Lines  of  Duppel  and  in  the  assault  of  that 
town,  and  in  the  latter  he  fought  at  Trautenau,  Tobitschau,  and  in  the 
great  battle  of  Koniggratz. 

"  In  the  month  of  March,  1867,  M.  Meydam  was  requested  by  his 
Government  to  master  the  details  of  the  telegraphic  service,  and  for  this 
purpose  he  was  attached  to  the  Prussian  telegraphic  system.  Six  months 
later  he  re-joined  his  ordinary  military  duties,  and  on  the  1st  July,  1868, 
he  was  nominated  Chief  of  the  Engineer  Section  of  the  War  Office. 

"  Meanwhile,  Major-General  Chauvin,  Director-General  of  Prussian 
Telegraphs,  finding  that  his  official  functions  were  telling  on  his  strength, 
expressed  a  desire  to  be  relieved  of  his  office,  and  M.  Meydam  was,  on 
the  26th  December,  1869,  appointed  Assistant  Director-GteneraL 

"  On  the  opening  of  the  Franco- German  war,  M.  Meydam  instantly 
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vacated  his  civil  post  to  take  command  of  the  military  telegraphs  at  the 
head-quarters  of  the  King  of  Prussia,  and  this  position  he  held  until  the 
close  of  the  war,  when  he  returned  to  his  former  appointment  of  Assistant 
Director-Gteneral. 

"  Whilst  holding  this  position,  M.  Meydam  represented  the  German 
Government  in  the  Telegraphic  Conference  held  at  Berne  in  September, 
1871,  and  at  that  which  opened  in  Eome  on  the  1st  December  following. 
At  both  these  meetings  M.  Meydam  took  a  share  in  the  deliberations 
worthy  of  the  great  nation  he  represented.  Beyond  this  he  was  charged 
specially  as  a  plenipotentiary  with  different  special  negociations  with 
neighbouring  states — notably  with  the  Austro- Hungarian  Empire  and 
the  Netherlands  in  October  1871,  with  Switzerland  in  January  1872, 
and  later  with  Luxembourg. 

"In  October,  1872,  Major-General  Chauvin  having  resigned  the  Direc- 
tor-Generalship, he  was  naturally  succeeded  by  M.  Meydam,  who  had  for 
some  years  taken  a  very  active  and  full  share  of  the  management  of  the 
system. 

*'  M.  Meydam  took  this  appointment  without  prejudice  to  his  military 
rank.  Two  years  later,  in  July  1874,  he  was  promoted  to  a  generalship 
of  brigade,  and  on  the  27th  of  October  in  the  same  year  he  received  the 
rank  of  major-general, 

"  The  services  of  this  distinguished  man,  both  military  and  civil,  had 
earned  numerous  decorations  and  orders,  both  German  and  foreign,  in 
addition  to  several  war  medals.  Amongst  these  we  may  particularise  the 
latest,  which  reached  him,  as  it  were,  on  his  death-bed.  We  refer  to  the 
order  of  the  *  Red  Eagle  '  of  the  third  class,  which  was  conferred  on  him 
by  the  Emperor  on  the  17th  of  January  last,  the  anniversary  of  the  Impe- 
rial coronation. 

"  A  week  after  this  mark  of  esteem  the  nervous  fever,  from  which  M.  * 
Meydam  had  been  suffering  for  six  week,  terminated  fatally,  and  thereby 
the  country,  as  well  as  the  Telegraphic  fraternity  at  large,  were  deprived 
of  the  eminent  services  which  might  have  been  expected  from  one  whose 
administrative  abilities  and  lofty  ideas  formed  a  remarkable  feature  in  his 
character. 

'^  During  the  short  duration  of  his  administration,  M.  Meydam  acquired 
and  retained  the  attachment  and  esteem,  not  only  of  his  subordinates, 
but  also  of  the  heads  of  those  foreign  administrations  with  which  he  was 
constantly  in  correspondence  and  in  personal  communication." 
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